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Editorial  Views  and  News 


Dentistry  constitutes  a  young  area  in  the  health 
sciences  and  thus  does  not  have  a  long  list  of  great 
personalities,  as  do  some  of  the  older  sciences.  It 
became  very  apparent,  however,  during  the  course 
of  the  banquet  meeting  of  the  International  As¬ 
sociation  for  Dental  Research  in  Boston  that  we 
were  honoring  a  man  who  had  contributed  greatly 
to  the  field  of  dentistry  though  not  actually  a 
dentist.  (The  proceedings  and  abstracts  of  that 
same  meeting,  held  March  23-26,  1961,  will  be 
published  in  the  July- August  issue  of  the  Journal 
of  Dental  Research.) 

The  Dr.  Souder  Bronze  Plaque. — George  M. 
Hcllenbach,  himself  an  outstanding  figure  in  den¬ 
tistry,  had  this  to  say  about  Wilmer  Souder  upon 
presenting  to  the  Dental  Division  of  the  National 
Bureau  of  Standards  a  bronze  plaque  of  Dr. 
Souder:  “It  has  been  my  belief  that  those  who 
have  made  worthwhile  contributions  to  the  sci¬ 
ence  and  art  of  dentistry  should  be  given  due  rec- 
cgniticn  for  their  effcrts. 

“It  is  my  pleasure  ...  to  so  recognize  a  man  who 
is  second  to  none  from  the  standpoint  of  his  con¬ 
tributions  to  dentistry.  This  man  is  Wilmer  Souder, 
.\.B.,  M.S.,  Indiana  University,  Ph.D.  magna  cum 
laude,  University  of  Chicago,  in  physics  and  chem¬ 
istry. 

“After  receiving  his  doctorate.  Dr.  Souder  re¬ 
mained  at  the  University  of  Chicago  and  acted 
first  as  assistant  to  Dr.  A.  A.  Michelson,  who  was 
head  of  the  Physics  Department  at  the  University. 
Upon  his  retirement  Dr.  Robert  A.  Millikan  suc- 
reeded  Michelson.  Dr.  Souder  also  acted  as  assist¬ 
ant  to  Dr.  Millikan.  Both  Michelson  and  Millikan 
were  recipients  of  the  Nobel  Prize  for  physics. 

“With  this  very  liberal  scholastic  background  Dr. 
Souder  is,  therefore,  well  fitted  for  research  in  the 
physics  and  chemistry  of  dental  materials. 

“Dr.  Souder  was  the  founder  in  1919  of  dental 
research  at  the  National  Bureau  of  Standards.  It 
was  through  his  persistent  efforts  that  the  Ameri¬ 
can  Dental  Association  became  interested  in  1928 
and,  at  that  time,  became  a  vital  part  of  the  re¬ 
search  on  dental  materials  at  the  Bureau.  Dr. 
Souder  became  Chief  of  the  Division  of  Metrolcgy 
in  194S. 

“We  all  know  dentistry  has  had  standards  for 
drugs  since  the  development  of  the  early  phar¬ 
macopeias  at  the  beginning  of  the  nineteenth  cen¬ 
tury,  but  it  was  not  until  1920  that  the  first  stand¬ 
ard  was  formulated  for  a  dental  material. 

“The  first  specification — that  for  dental  amal¬ 
gam — was  the  handiwork  of  Dr.  Souder  and  his 


co-workers  at  the  National  Bureau  of  Standards. 
With  the  aid  of  this  specification,  an  operative  den¬ 
tist  using  amalgam  could  be  assured  that  the  basic 
material  was  adequate.  It  then  became  encumbent 
upon  him  to  use  amalgam  in  the  best  possible  man¬ 
ner.  There  is  considerable  evidence  that  the  pro¬ 
fession  has  met  this  challenge  adequately,  and  thus 
the  quality  of  restorative  dentistry  in  our  country 
has  been  greatly  improved. 

“It  is  not  only  my  belief  but,  I  am  sure,  the 
belief  of  all  of  you  present  that  the  benefits  that 
our  profession  has  derived  from  the  dental  research 
of  the  Bureau  are  beyond  calculation.  Not  only 
have  specifications  been  set  up  for  many  other  ma¬ 
terials  but,  in  addition  to  this,  extensive  studies 
have  been  made  on  them.  This  work,  which  now 
constitutes  almost  four  hundred  reports,  has  had  a 
pronounced  effect  on  the  practice  of  dentistry,  on 
the  manufacture  of  dental  materials,  and  on  dental 
education.  May  it  long  continue  to  make  the  dental 
profession  research-conscious. 

“During  my  entire  professional  career  I  have 
been  greatly  interested  in  the  problem  of  precision 
casting.  I  have  expended  a  great  deal  of  time  and 
effort  in  this  study.  However,  if  it  had  not  been 
for  one  of  Dr.  Souder’s  contributions,  all  my  ef¬ 
forts  would  have  been  of  little  avail.  This  contri¬ 
bution,  which  is  so  commonplace  today  that  we 
think  little  about  it,  was  the  use  of  the  asbestos 
liner  in  a  casting  flask.  This  permitted  the  invest¬ 
ment  to  undergo  its  natural  cycle  of  expansion. 
Studies  recently  made  have  shown  clearly  that  the 
liner  functions  in  other  capacities  than  this.  If  we 
were  denied  the  use  of  this  one  simple  technical 
step,  the  excellence  of  our  product  in  the  realm  of 
casting  could  not  possibly  be  maintained  at  its  pres¬ 
ent  high  level. 

“At  the  beginning  of  this  .  .  .  address  I  stated 
that  all  those  who  have  made  outstanding  contri¬ 
butions  to  the  dental  profession  should  receive  rec¬ 
ognition  for  what  they  have  done.  In  the  case  of 
certain  individuals  who  have  made  exceptionally 
valuable  contributions  it  is  my  feeling  that,  in  addi¬ 
tion  to  recognition,  they  should  be  memorialized. 

“It  is  now  my  pleasure  as  the  donor  to  present, 
on  behalf  of  the  Dental  Materials  Group  of  the 
International  Association  for  Dental  Research,  to 
the  National  Bureau  of  Standards  a  bronze  plaque 
of  Dr.  Souder,  together  with  an  inscription  which 
I  will  now  read:  ‘Dr.  Wilmer  Souder,  Founder  of 
Dental  Research  at  the  National  Bureau  of  Stand¬ 
ards,  Washington,  D.C.,  in  1919.’  ’’ 

— F.J.O. 
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INTERNATIONAL  ASSOCIATION  FOR  DENTAL 
RESEARCH 

Fortieth  Annual  Meeting,  March  15,  16,  17,  and  18,  1962 
St.  Louis,  Missouri 

This  meeting  will  convene  in  the  Jefferson  Hotel  on  the  third  Thurs¬ 
day,  Friday,  Saturday,  and  Sunday  of  the  month  of  March  followed 
by  the  meeting  of  the  American  Association  of  Dental  Schools.  The 
I.A.D.R.  met  in  St.  Louis  at  the  same  site  in  1956.  A  previous  St. 
Louis  meeting  was  held  in  1941. 
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Effect  of  Fluoride  Ingestion  on  the  Size  of  the  Cusp 
of  Carabelli  during  Tooth  Formation 


GERALD  J.  cox,  SIDNEY  B.  FINN,  and  DAVID  B.  AST 

Research  Department,  School  of  Dentistry,  University  of  Pittsburgh,  Pittsburgh, 
Pennsylvania;  School  of  Dentistry  and  Medical  College  of  Alabama,  Birmingham, 
Alabama;  and  Bureau  of  Dental  Health,  Department  of  Health,  State  of  New  York 
Albany,  New  York 


The  cusps  of  Carabelli,  on  the  upper  molar  teeth  of  man,  are  variable  in  occurrence,  as 
exemplified  by  Dietz,^  who  found  them  present  on  first  molar  teeth  in  72.3  per  cent  of 
747  casts  from  Army  personnel.  Dietz^  also  found  them  to  be  generally  present  on 
both  teeth  and  in  approximately  the  same  size.  Meredith  and  Hixon^  have  succinctly 
reviewed  the  literature  on  size,  frequency,  and  bilaterality  of  the  cusp.  For  their  studies 
of  100  casts,  they  had  agreement  in  placement  in  four  categories  of  size  for  73  sets,  with 
a  discrepancy  in  two  categories  for  only  one  set.  They  found  cusps  to  be  present  in  84 
of  the  casts. 

As  to  morphology  of  teeth  related  to  nutrition  during  formation  of  teeth,  Cox  and 
Levin*  found  a  higher  rate  of  fusion  of  minor  cusps  to  form  major  cusps  in  rats  from 
mothers  on  a  synthetic  ration  than  from  mothers  on  a  100  per  cent  meat  diet.  Cox  and 
Hagan*  found  higher  rates  of  occurrence  of  pits  in  second  human  deciduous  molar  teeth 
than  in  first  molars  and  surmised,  on  the  basis  of  the  above  observations  of  Cox  and 
Levin,*  that  this  was  the  result  of  better  nutrition  during  the  formation  of  the  first 
molars. 

Norvold  and  Armstrong’’  provided  water  with  20  p.p.m.  F  for  rats  during  pregnancy 
and  lactation,  and  0.1  mg.  fluorine  was  given  daily  to  each  suckling  rat  for  the  first  21 
days  of  life.  In  11  of  the  26  rats  of  this  group,  “the  mesio-buccal  cusp  of  the  upper 
third  molar  was  missing.  In  none  of  the  other  165  animals  employed  in  this  study  was 
this  cusp  found  to  be  absent.” 

Paynter  and  Grainger*  found  smaller  upper  first  molar  teeth  in  rats  born  to  and 
nursed  by  mothers  on  rations  deficient  in  vitamin  A  or  with  abnormally  high  phosphate 
content  or  when  their  water  contained  12  p.p.m.  sodium  fluoride.  They  found  the 
smaller  size  of  the  teeth  from  vitamin  A  deficiency  to  be  related  to  the  smaller  size  of 
these  animals,  but  the  high  phosphate  or  fluoride  rations  were  directly  causative  of 
smaller  size.  As  to  the  form  of  the  teeth,  the  depth  of  the  mesial  fissures  of  the  tooth 
was  less,  and  the  angulation  of  the  sides  of  this  fissure  was  greater  in  the  young  from 
mothers  maintained  on  the  high-phosphate  diet  for  10  weeks  prior  to  mating. 

One  of  us  (G.  J.  C.)  has  failed  to  find  the  cusp  of  Carabelli  in  four  persons  with 
severe  mottled  enamel,  and  its  absence  has  been  reported  in  two  other  cases.’  This, 


This  investigation  was  supported  by  U.S.P.H.S.  research  grant  D-1007  from  the  National  Institute 
of  Dental  Research,  National  Institutes  of  Health. 

Received  for  publication  October  13, 1959. 
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with  the  above  observations  of  Norvold  and  Armstrong,®  suggested  that  a  diminished 
frequency  of  the  cusp  would  be  found  in  first  maxillary  permanent  molar  teeth  formed 
by  use  of  water  with  fluoride  at  1  p.p.m.  level,  compared  with  teeth  from  a  non- 
fluoridated  area. 


MATERIALS  AND  METHODS 

From  children  of  Kingston  and  Newburgh,  New  York,  764  casts  were  available  for 
study  of  the  frequency  of  occurrence  of  the  cusp  of  Carabelli  on  the  first  maxillary 
molar  tooth  of  the  permanent  dentition.  The  casts  were  from  children  aged  six  to  ten 
in  Newburgh  and  Kingston.  The  Newburgh  children  had  had  7  years  of  fluoride  ex- 


TABLE  1 

Distribution  of  Sizes  of  Cusp  of  Carabelli  in  Children 
FROM  Kingston  and  Newburgh 


Size 

Total 

a 

b 

c 

d 

e 

f 

8 

h 

Kingston: 

Number. . . . 

25 

40 

44 

50 

60 

57 

29 

13 

318 

Per  cent. . . . 

7.9 

12.6 

13.8 

15.7 

18.9 

17.9 

9.1 

4.1 

100.0 

Newburgh: 

Number. . . . 

28 

21 

41 

63 

63 

82 

40 

13 

351 

Per  cent .... 

8.0 

6.0 

11.7 

17.9 

17.9 

23.4 

11.4 

3.7 

100.0 

TABLE  2 

Distribution  of  the  Frequency  of  Two  Sizes  of 
Cusp  of  Carabelli  between  Kingston 
AND  Newburgh 


Classes 

Kingston 

Newburgh 

Totals 

a,  b,  c,  d . 

159 

153 

312 

e,  f,  g,  h . 

159 

198 

357 

Total . 

318 

351 

669 

perience,  at  1.0  p.p.m.  F,  beginning  May  2,  1945,  whereas  the  Kingston  children  used  a 
fluoride-deficient  water  supply.® 

Most  of  the  casts  were  coded  and  had  been  stored  in  random  fashion.  They  were 
placed  by  one  of  us  (S.  B.  F.)  in  eight  categories  of  size  of  the  cusp,*  ranging  from  no 
discernible  cusp,  designated  as  “a,”  to  the  largest  size,  “h”  (Table  1).  The  last  four 
categories  were  divided  from  the  mesial-lingual  cusp  by  a  definite  and  distinguishable 
groove.  Of  the  669  casts  with  the  first  molars  present,  318  were  from  Kingston  and  351 
from  Newburgh.  The  data  of  distribution  are  shown  in  Table  1. 

In  the  course  of  study,  the  opinion  was  expressed  that  classes  a,  b,  c,  and  d  could  well 
be  combined,  excepting  possibly  a,  and  the  e,  f,  g,  and  h  categories  were  also  combined. 
This  action  is  shown  in  Table  2. 

♦  Casts  supplied  to  us  by  Dr.  A.  A.  Dahiberg,  presenting  eight  sizes,  served  as  standards. 


Vol.  40,  No.  3 


FLUORIDE  AND  CARABELU'S  CUSP  395 


RESULTS 

The  test  of  this  2X2  table  yields  2.75,  or  a  probability  of  about  0.10  that  fluoride 
at  the  level  of  1.0  p.p.m.  causes  an  increase  in  the  size  of  the  cusp  of  Carabelli.® 

Fluoride  present  in  a  community  water  supply  at  the  level  of  one  part  per  million 
does  not  affect  the  size  of  the  cusp  of  Carabelli. 
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Personality  Correlates  of  Periodontal  Disease 


ERNEST  G.  BAKER,  G.  HAMILTON  CROOK,  and  ELSBETH  D.  SCHWABACHER 
School  of  Dentistry,  University  of  California 


Results  of  a  recently  reported  experience  in  clinical  practice  regarding  personality  fac¬ 
tors  in  dental  disease  prompted  the  present  study.  The  etiology  of  periodontal  disease 
is  complicated,  and  many  processes  are  at  work.  Today  it  is  widely  felt  that  psychologi¬ 
cal  factors  enter  into  this  disease  process. 

The  accompanying  bibliography  will  illustrate  the  rather  extensive  literature  on  the 
subject  and  the  general  transition  from  merely  handling  the  nervous  person  to  regard¬ 
ing  the  psychological  influence  on  the  disease  process  itself.  Possible  influence  of  emo¬ 
tions  on  the  etiology  of  dental  disorders  is  the  subject  of  many  articles,  particularly  by 
Campbell,*  Ryan,^  Burstone,®  and  Landa.^  More  recent  publications  by  Miller,®  Jones,® 
Rosenberg,^  Roth  and  Stone,®  Bell,®  and  Glickman*®  cite  psychic  disturbances  as  possible 
etiologic  factors  in  oral  disease  and  stress  the  need  for  evaluating  their  significance. 
Campbell,*  Landa,^  and  Moulton**  draw  the  dentist’s  attention  to  the  aid  that  can  be 
gained  in  diagnosis  and  treatment  by  detailed  personality  studies  and  suggest  use  of  a 
psychologically  skilled  person  for  this  purpose.  Thompson,*^  Walsh,*®  Zeifert,*'*  Balters,*® 
Raginsky,*®  Zaidens,*^  and  Weiss*®  are  among  those  who  point  out  that  the  oral  zone  is 
especially  vulnerable  to  psychosomatic  disturbances  because  of  its  importance  in  the 
psychosexual  development  of  the  individual,  the  mouth  being  the  organ  of  the  infant’s 
first  awareness,  its  satisfactions,  frustrations,  and  hostilities.  Some  of  these  authors  stress 
that  the  dentist  needs  to  recognize  the  difference  in  personalities,  with  their  attendant 
physiological  disturbances,  that  can  be  manifested  in  the  mouth  region. 

Results  of  investigations  by  Manhold  and  Manhold,*®  Manhold,^®  Manhold  and 
Rosenberg,^*  and  Manhold  and  Jones^-’  indicate  that  a  statistically  significant  cor¬ 
relation  could  be  established  between  neurotic  tendencies  and  certain  personality 
variables  with  periodontal  disease  and  that  opposite  personality  traits  could  be  tenta¬ 
tively  correlated  with  a  high  incidence  of  caries.  Studies  conducted  by  Goldberg, 
Ambinder,  Cooper,  and  Abrams®®  and  Moulton,  Ewen,  and  Thieman®^  reveal  that 
specific  emotional  stress  and  acute  anxiety  states  can  be  correlated  with  acute  inflam¬ 
matory  processes  in  the  mouth,  while  Moulton**  also  demonstrates  conflicts  of  longer 
standing  in  chronic  cases. 

In  the  review  of  the  present  literature  the  authors  were  struck  with  the  fact  that 
there  is  an  urgency  for  proper  evaluation  in  this  important  field.  As  knowledge  grows 
concerning  psychosomatic  medicine  and  dentistry,  it  becomes  imperative  that  studies 
be  undertaken  to  clarify  these  impressions  and  relationships. 


This  study  was  made  possible  in  part  by  the  Jesse  F.  Matteson  Fund  in  the  School  of  Dentistry, 
University  of  California. 

Received  for  publication  March  9,  1960. 
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EXPERIMENTAL  METHODS 

A  total  number  of  102  subjects  was  used  in  this  investigation.  Forty  normals,  26  psy- 
chotics  and  36  psychoneurotics  were  included.  Normals  were  defined  as  those  who  had 
never  had,  or  were  not  receiving,  psychotherapy  and  had  no  apparent  need  for  it.  These 
were  employees  of  Langley  Porter  Neuropsychiatric  Institute,  a  few  students,  and  sev¬ 
eral  doctors.  The  psychotic  and  psychoneurotic  patients  had  been  diagnosed  by  the 
staff  of  the  Langley  Porter  Neuropsychiatric  Institute  and  were  under  treatment  there 
at  the  time  of  the  study. 

The  dental  part  of  the  study  was  actively  pursued  by  one  of  the  authors  as  a  repre¬ 
sentative  of  the  Division  of  Periodontology.  He  examined  all  the  subjects  from  the 
standpoint  of  oral  disease,  particularly  directed  toward  periodontal  manifestations. 
These  subjects  were  sent  to  him  without  his  knowledge  of  their  emotional  status  or 
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Fig.  1. — Chart  used  to  record  amount  of  bone  resorption 


diagnosis.  The  oral  examination  was  processed  according  to  the  following  plan.  A  full- 
mouth  set  of  roentgenograms  was  taken  at  the  same  time  that  the  oral  examination  was 
made,  and  these  were  later  evaluated.  The  amount  of  bone  resorption  was  evaluated 
by  a  careful  examination  of  the  X-rays  and  recorded  on  a  chart  ( Fig.  1 ) .  The  resorp¬ 
tion  was  given  a  severity  rating  0-1-3  or  5  and  designated  “B”  on  the  chart. 

Absence  of  bone  resorption  (0)  was  taken  to  mean  primarily  an  intact  and  demon¬ 
strable  lamina  dura  with  the  alveolar  crests  in  a  reasonably  normal  position  for  the  age 
of  the  patient.  Mild  resorption  ( 1 )  was  taken  to  indicate  a  definite  break  in  the  lamina 
dura,  with  resorption  extending  within  the  limits  of  the  coronal  third  of  the  tooth. 
Moderate  resorption  (3)  was  that  which  involved  a  third  of  the  tooth  root  and  more, 
with  its  limits  at  half  the  coronal  roots.  Severe  resorption  (S)  was  that  which  extended 
below  the  coronal  half  of  the  tooth  to  or  including  the  apical  third  and  involving  the 
bifurcations  and/or  trifurcations. 

The  second  category  used  is  indicated  by  the  abbreviation  “P”  and  is  the  actual 
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measurement  of  the  pockets  in  millimeters  on  the  mesial  and  distal  root  surfaces  of 
every  tooth. 

The  above  criteria^  were  the  ones  used  in  this  present  paper.  However,  the  severity 
0-1 -3-S  of  the  occlusion  lettered  O  on  the  chart;  irritation,  letter  I;  inflammation, 
PM  A;  tooth  mobility,  listing,  and  migration,  TM,  were  also  evaluated  and  charted. 

In  the  investigation  of  the  relationships  between  periodontal  disease  and  personality 
factors,  two  methods  were  used  to  obtain  personality  data.  First,  interviews  with  each 
subject  were  conducted  to  obtain  information  concerning  the  variables  in  the  hypothe¬ 
sized  personality  profile.  The  interviewer  knew  nothing  about  the  periodontal  condition 
of  the  subjects.  The  interview  schedule  permitted  quick  recording  of  this  information, 
and  ratings  were  made  from  these  records. 

A  list  of  the  personality  variables  rated,  together  with  a  number  of  objective  and 
personal  history  items  which  were  also  rated,  follows: 

I.  Objective  variables 

1.  Age  (by  decades,  from  20  to  69) 

2.  Sex  (0,  male;  1,  female) 

3.  Socio-economic  status  (0,  comfortable;  1,  marginal;  2,  dependent) 

4.  Nationality  (0,  both  subject  and  parents  were  bom  in  U.S.:  1,  subject  bom  in  U.S.; 
one  or  both  parents  foreign-bom;  2,  subject  foreign-bom) 

5.  Broken  home  (0,  subject  lived  with  both  own  real  parents  continuously  until  age  16; 

1,  subject  separated  from  one  or  both  parents  prior  to  age  16) 

6.  Psychiatric  diagnosis  (0,  normal;  1,  psychiatric  patient) 

II.  Personal  history  variables 

7.  Illness  in  family  (0,  little  or  none;  1,  chronic  physical  or  mental  illness  in  immediate 
family  member) 

8.  Illness  in  self  (0,  none  beyond  usual  childhood  and  minor  illnesses;  1,  chronic  physical 
illness  in  subject) 

9.  Food  habits  as  a  child  (0,  normal  or  average;  1,  history  of  poor  nutrition  or  feeding 
difficulties) 

10.  Personal  habits 

а)  Smoking  (0-3,  none  to  extreme) 

б)  Drinking  (0-3,  none  to  extreme) 
c)  Dmgs  (0-3,  none  to  extreme) 

11.  Neurotic  traits  of  childhood 

a)  History  of  thumbsucking  (0,  absent;  1,  present) 

b)  History  of  nailbiting  (0,  absent;  1,  present) 

c)  Yiisiory  oi  tooth-grinding  (0,  absent;  1,  present) 

12.  Family  adjustment  as  a  child  (to  parents  and  siblings) 

General  (0-4,  excellent  to  very  poor) 

13.  Feelings  of  acceptance-rejection  as  a  child,  by  family  (0,  subject  felt  completely 
accepted;  1,  intermediate  or  mixed  feelings;  2,  subject  felt  rejected) 

14.  Feelings  of  independence-dependence  upon  family,  as  a  child  (0,  independent;  1,  in¬ 
termediate  or  mixed  feelings;  2,  dependent) 

15.  Feelings  of  friction  with  family  members  as  a  child  (0,  rarely  or  never;  1,  sometimes; 

2,  very  often) 

III.  Personality  variables  (current) 

16.  Social  adjustment,  general  (0-4,  excellent  to  very  poor) 

17.  Feeling  of  identification  with  group  (0,  strong  identification;  1,  moderate  identifica¬ 
tion;  2,  little  or  no  group  identification) 

18.  Dominance-submissiveness  in  social  relationships  (0,  dominant;  1,  neither  or  mixed; 
2,  submissive) 
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19.  Feelings  of  adequacy-inadequacy  relative  to  others  (0,  no  feeling  of  inadequacy;  1, 
moderate  feelings  of  inadequacy;  2,  extreme  feelings  of  inadequacy) 

20.  Hostility  expressed  directly  to  others  (0,  little  or  none;  1,  moderate  or  appropriate 
amount;  2,  excessive  amount) 

21.  Independence-dependence,  general  (0-4,  complete  independence  to  extreme  depend¬ 
ence 

22.  Marital  adjustment  (to  present  marriage,  or,  if  presently  unmarried,  to  previous  mar¬ 
riage  if  any)  (0-4,  very  happy  to  very  unhappy) 

23.  Occupational  adjustment,  general  (0-4,  excellent  to  very  poor) 

24.  Drive  toward  achievement  (0,  strong;  1,  moderate;  2,  weak) 

25.  Occupational  stability  (0,  very  stable;  1,  intermediate;  2,  unstable) 

26.  Intrapersonal  adjustment,  general  (self-adjustment)  (0-4,  excellent  to  very  poor) 

27.  Anxiety,  guilt  (0,  little  or  none;  1,  moderate;  2,  excessive) 

28.  Repressiveness  (0,  little;  1,  moderate;  2,  excessive) 

29.  Rigidity  (0,  little  or  none;  1,  moderate;  2,  excessive) 

30.  Hostility,  over-all  amount  (0,  little;  1,  moderate;  2,  excessive) 

31.  Conflict,  conscious  and  unconscious  (0,  little;  1,  moderate;  2,  excessive) 

32.  Somatization  (tendency  for  subject  to  develop  psychogenic  physical  complaints  or 
psychosomatic  disorders)  (0,  absent;  1,  present) 

33.  Lack  of  energy  (0,  a  great  deal  of  energy;  1,  a  moderate  amount  of  energy;  2,  very 
little  energy) 

34.  Tension  (0,  little  or  none;  1,  moderate;  2,  excessive) 

35.  General,  over-all  adjustment  (0-4,  excellent  to  very  poor) 

No  attempt  was  made  to  insure  that  the  personality  variables  selected  would  all  be 
independent  of  one  another,  and  some  overlap  among  them  is  to  be  expected.  There  is 
reason  to  believe  from  their  variety  that  several  dimensions  of  personality  are  tapped 
by  the  ratings. 

The  other  method  of  obtaining  personality  information  employed  the  Minnesota 
Multiphasic  Personality  Inventory  (MMPI).  This  is  a  well- validated  personality  in¬ 
ventory  designed  to  serve  as  a  psychiatric  diagnostic  aid;  it  scores  on  a  number  of 
scales,  each  of  which  identifies  a  common  psychiatric  disorder  or  tendency  thereto. 
There  are  several  validating  scales  to  throw  light  on  the  probable  accuracy  with  which 
the  diagnostic  scales  represent  the  true  situation  for  the  subject.  The  diagnostic  scales 
are  as  follows:  hypochondriasis,  depression,  hysteria  (conversion) ,  psychopathic  deviate, 
masculinity-femininity,  paranoid  reaction,  psychasthenic  (obsessive-compulsive-reac¬ 
tions),  schizophrenia,  hypomania. 

The  separate  measures  of  periodontal  disease  utilized  have  been  described  above. 
The  principal  measure  used  for  comparison  with  personality  data  is  a  compound  one, 
representing  a  combination  of  two  measures:  (1)  the  average  amount  of  bone  recession 
per  septum  as  estimated  from  X-rays  and  (2)  the  average  depth  of  pockets  per  septum. 
This  was  accomplished  by  first  normalizing  the  distributions,  then  equating  them  in 
mean  and  standard  deviation.  The  two  measures  were  then  added  together.  The  result¬ 
ing  distribution  was  divided  into  five  intervals  on  the  basis  of  its  own  standard  devia¬ 
tion,  and  index  scores  of  0-4  assigned.  An  individual  score  of  0  on  this  scale  represents 
little  or  no  periodontal  disease,  a  score  of  2  represents  an  average  amount  (for  our 
sample),  and  a  score  of  4  indicates  severe  involvement. 

On  personality  variables  for  which  the  scores  are  distributed  into  three  or  more 
intervals  along  a  scale,  Pearsonian  correlations  were  used  in  determining  the  degree  of 
relationship  between  periodontal  disease  and  the  personality  factors.  Because  of  the 
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small  number  of  intervals  on  both  scales,  correction  for  broad  categories  was  applied.* 
Significance  for  these  correlations  was  computed  by  the  usual  critical-ratio  procedures. 
When  the  personality  data  were  distributed  into  only  two  intervals,  the  periodontal 
data  were  also  dichotomized  to  produce  2X2  tables,  and  tetrachoric  correlations  used 
to  determine  relationships,  was  then  computed  for  significance.t 

RESULTS 

Table  1  presents  those  objective,  personal  history,  and  personality  factors  which 
show  correlations^  of  0.30  or  more  with  periodontal  disease.  These  are  all  significant  at 
the  0.05  level  or  better.  A  number  of  other  rated  variables  showed  statistically  signifi¬ 
cant  correlations  with  periodontal  disease.  All  these  correlations  were  in  the  0.20’s,  and 


TABLE  1 

Relationships  between  Periodontal  Disease  and  Personality  Factors 
(Correlations  above  0.30) 


Var.  No. 

Variable 

No.  Cases 

Correlation 

with 

Periodontal 

Disease 

Significance* 

1 . 

Age 

101 

.50 

P<0.001 

5 . 

Broken  home 

100 

.51t 

P<0.01 

22 . 

Marital  adjustment 

64 

.39 

P<0.01 

32 . 

Somatization 

96 

.33t 

P<0.05 

MMPI . 

Hysteria  score 

65 

.32 

P<0.02 

*  Significance  refers  to  the  likelihood  that  there  is  a  true  correlation  between  the  variables  in  the  population 
from  which  the  sample  is  drawn.  Thus,  P  <  0.001  means  that  there  is  less  than  one  chance  in  a  thousand  that 
the  two  variables  are  not  correlated  in  the  population;  P  <  0.05  means  less  than  five  chances  in  100,  or  one  in  20; 
etc. 

t  Tetrachoric  correlations  (others  are  Pearsonian). 

hence  not  high  enough  to  do  much  more  than  indicate  a  trend.  They  are  the  following: 
rejection  by  family  (r  =  0.27);  rigidity  (r  =  — 0.27);  smoking  (r=:r0.26);  tension 
r=0.25);  general  adjustment  (r  =  0.2S);  friction  with  family  (r  =  0.23);  lack  of 
drive  toward  achievement  (r  =  0.23) ;  lack  of  energy  (r  =  0.23) ;  amount  of  hostility 
(r  =  0.22);  anxiety,  guilt  (r  =  0.21);  and  repressiveness  (r  =  0.20). 

The  great  majority  of  correlations,  even  those  that  did  not  achieve  statistical  signif¬ 
icance,  were  positive.  This  may  reflect  a  slight,  but  positive,  relationship  between  gen¬ 
eral  personality  adjustment  and  periodontal  disease,  or  it  may  reflect,  for  the  personal¬ 
ity  factors,  a  halo  effect  in  the  ratings,  or  both.  That  the  correlations  in  general  were 
low  may  be  due  in  part  to  the  unreliability  of  the  measures. 

♦  Peters  and  Van  Voorhis,  Statistical  Procedures  and  Their  Mathematical  Bases  (New  York:  Mc¬ 
Graw-Hill  Book  Co.,  Inc.,  1940) . 

t  All  x^’s  were  computed  with  Yates’s  correction. 

t  The  coefficient  of  correlation  ranges  from  —  1  (perfect  inverse  relationship)  through  0  (no  rela¬ 
tionship)  to  -|-  1  (perfect  positive  relationship) .  The  predictive  value  of  the  coefficient  of  correlation 
is  approximately  its  square.  Thk  a  coefficient  of  correlation  of  0.50  predicts  approximately  25  per 
cent  of  the  total  variance  being  described. 


Vol.  40,  No.  3 


PERSON  A  UTY  AND  PERIODONTAL  DISEASE  401 


It  will  be  noted  that  no  significant  correlation  was  found  between  diagnosis’^  and 
periodontal  disease.  This  would  argue  against  the  likelihood  that  there  is  any  close 
relationship  between  general  adjustment  and  periodontal  disease  and  also  against  the 
likelihood  that  the  correlations  were  made  spuriously  high  by  lumping  together  the 
patients  and  non-patients  into  one  group.  Although  an  effort  was  made  to  conceal  from 
the  periodontist  whether  a  given  subject  was  a  patient  or  a  non-patient,  this  effort  was 
not  always  successful.  The  lack  of  correlation  between  periodontal  disease  and  psy¬ 
chiatric  diagnosis  offers  assurance  that  the  measures  of  periodontal  disorder  are  not 
contaminated  by  the  known  psychiatric  status  of  the  subject. 

TABLE  2 

Relationships  between  Personality  Factors  and  Two  Component 
Measures  of  Periodontal  Disease 


COKULATIONS* 


Va«.  No.  Vakiable  - 

ABC 


1 .  Age  0.50  0.55  0.23 


Broken  home  0.51t  0.51t  0.50t 


10a .  Smdting  0.26  0.29  0.10 

13 .  Rejection  by  family  0.27  0.27  0.18 

15 .  Friction  with  family  0.23  0.39  0.13 

22 .  Marital  adjustment  0.39  0.43  0.16  t 

24 .  Drive  toward  achievement  0.23  0.25  0.07 

27  .  Anxiety,  guilt  0.21  0.23  —0.13 

28  .  Repressiveness  0.20  0.11  0.25 

29  .  Rigidity  -0.27  -  0.09  -  0.24 

30  .  Hostility  (amount)  0.22  0.43  —0.03 

32  .  Somatization  0.33t  0.41t  0.24t 

33  .  Lack  of  energy  0.23  0.21  0.23 

34  .  Tension  0.25  —0.01  0.04 

35  .  General  adjustment  0.25  0.24  0.09 

MMPI .  Hysteria  score  0.32  0.09  0.10 


*  A  ^coireUtion  with  combined  measure,  from  Table  1;  B -correlation  with  average  amount 
of  bone  recession  per  septum;  C  —correlation  with  average  depth  of  pocket  per  septum, 
t  Tetrachoric  correlations. 

The  criterion  measures. — The  question  naturally  arises  whether  or  not  some  measure 
of  periodontal  disease  other  than  the  one  arbitrarily  selected  might  not  yield  closer 
relationships  with  personality  factors.  To  gain  information  on  this  point,  the  two  com¬ 
ponent  parts  of  the  “periodontal  score”  were  correlated  separately  with  each  of  the 
personality  factors  which  showed  significant  relationships  with  the  combined  measure. 
The  two  components,  as  noted  above,  are  (1)  average  amount  of  bone  recession  per 
septum  as  estimated  from  X-rays  and  (2)  average  depth  of  pocket  per  septum.  The 
correlation  between  these  two  measures  is  0.61  (P  <  0.001). 

Table  2  shows  the  results  obtained.  It  will  be  noted  that  the  estimates  of  bone  reces¬ 
sion  yielded,  on  the  average,  much  higher  correlations  with  personality  factors  than  did 
average  depth  of  pocket  alone,  despite  the  fact  that  the  former  is  a  subjective  measure 
and  depth  of  pocket  is  objective.  In  fact,  of  the  sixteen  factors  in  the  list,  estimates  of 

*  In  investigating  diagnosis,  the  subjects  were  divided  into  three  groups — normal,  neurotic,  and 
psychotic ;  they  were  also  divided  into  two  groups — patient  and  non-patient. 
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bone  recession  yielded  a  correlation  as  high  as,  or  higher  than,  the  combined  measure 
in  ten.  In  only  two  instances  was  it  higher  for  depth  of  pocket  alone;  and  in  only  four 
was  the  combined  measure  superior  to  either  of  the  two  components. 

It  is  clear  that  amount  of  bone  recession,  as  here  measured,  is  more  closely  related 
to  personality  than  is  depth  of  pockets.  The  fact  that  the  combined  measure  yielded 
two  correlations  of  significance  that  did  not  show  up  with  either  component  and  that 
depth  of  pocket  yielded  two  which  did  not  appear  with  bone  recession  alone  may  be  a 
function  of  chance  variability;  but,  on  the  other  hand,  these  findings  suggest  that  the 
pattern  of  personality  factors  manifesting  a  relationship  with  periodontal  disease  may 
depend  on  the  aspect  of  periodontal  pathology  that  is  emphasized  in  the  criterion 
measure  used.  In  order  to  test  this  hypothesis  and  to  find  the  measure  of  periodontal 
disease  that  will  evidence  the  maximal  relationship  with  personality,  further  investiga¬ 
tion  is  needed. 


DISCUSSION 

It  is  not  surprising  to  find  age  yielding  a  substantial  correlation  with  periodontal 
disease;  it  has  long  been  known  that  periodontal  disorders  are  related  to  age.  Other 
correlations,  such  as  those  with  broken  home  and  marital  adjustment,  disclose  less 
obvious  relationships.  Why  should  the  fact  that  a  person  did  not  live  with  his  own 
parents  continuously  before  he  was  sixteen  be  reflected  in  his  oral  pathology  twenty 
years  later?  Or  why  should  a  person  who  has  experienced  much  discord  in  his  marriage 
be  more  prone  than  others  to  periodontal  disease?  The  correlation  between  somatization 
and  periodontal  disease  suggests  that  the  people  who  are  most  likely  to  show  periodontal 
disorders  are,  at  least  in  part,  the  same  people  as  those  who  tend  to  develop  physical 
complaints  and  symptoms  as  a  result  of  their  personality  conflicts  and  who  hence  tend  to 
develop  psychosomatic  illnesses. 

The  independent  findings  from  the  Minnesota  Multiphase  Personality  Inventory 
(MMPI)  support  this  interpretation.  The  only  diagnostic  scale  on  the  instrument  to 
show  a  significant  correlation  with  periodontal  disease  was  hysteria.  The  next  highest 
MMPI  correlation,  and  the  only  other  one  approaching  significance,  was  that  with 
hypochondriasis.  These  two  scores  are  characteristically  elevated  in  the  MMPI  records 
of  psychosomatic  patients  and  are  often  the  highest  scores  for  such  patients. 

The  data  collected  in  this  study  do  not  suffice  to  establish  definitely  that  there  is  an 
important  relationship  between  general  personality  adjustment  and  periodontal  disease. 
Any  such  relationship  that  may  exist  is  probably  not  a  close  one.  The  findings  do  sug¬ 
gest,  however,  that  periodontal  disease  tends  to  be  associated  more  closely  with  broken 
home  and  marital  adjustment.  The  findings  also  indicate  the  likelihood  that  there  is  a 
psychogenic  component  or  psychosomatic  process  involved  in  at  least  some  periodontal 
disease. 

SUMMARY 

Sixty-two  psychiatric  patients  and  40  non-patients  were  given  a  thorough  oral  exami¬ 
nation  to  evaluate  the  amount  of  periodontal  disease  present.  They  were  also  given  a 
diagnostic  personality  inventory  (MMPI)  and  were  rated  on  thirty-five  objective,  per¬ 
sonal  history,  and  personality  variables.  The  data  were  explored  to  investigate  the 
relationships  between  periodontal  disease  and  personality  factors. 
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The  results  indicate  a  positive  relationship  between  periodontal  pathology  and  age, 
marital  adjustment,  broken  home,  somatization,  the  MMPI  hysteria  scale,  and  a  num¬ 
ber  of  other  variables. 

It  is  concluded  that  certain  personality  factors,  or  types  of  adjustment,  tend  to  be 
associated  with  periodontal  disease  and  that  further  exploration  of  these  relationships 
is  desirable. 

The  authors  are  indebted  for  aid  and  encouragement  to  Dr.  Willard  Fleming  dean.  School  of 
Dentistry,  University  of  California;  Dr.  Karl  Bowman,  professor  of  psychiatry.  University  of 
California,  medical  professor  for  the  state  of  California,  Department  of  Mental  Hygiene;  Dr.  James 
Hopper,  associate  professor  of  medicine,  University  of  California;  and  Dr.  Harold  Ray,  professor 
of  periodontology  and  chairman  of  the  division.  University  of  California  School  of  Dentistry. 
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Cutting  Studies  at  Air-Turbine  Speeds 
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In  November,  1957,  the  Dentists’  Supply  Company  undertook  mass  production  of  the 
first  air-turbine  dental  contra-angle  handpiece.  This  development  made  possible  far 
more  rapid  and  painless  cavity  preparation  and  also  opened  the  way  to  new  research 
approaches  to  the  subject  of  cutting  hard  tissue. 

Hartley^  had  previously  investigated  cutting  rates  with  belt-driven  rotary  instru¬ 
ments  up  to  15,000  rpm,  and  Peyton^  had  extended  the  coverage  of  speeds  up  to 
200,000  rpm  under  fixed  loads.  No  one  had  measured  the  actual  speed  of  air-turbine 
handpieces  during  the  cutting  operation  or  the  conditions  of  torque  and  load  necessary 
for  optimum  cutting  at  the  new,  higher  speeds. 

The  present  work,  conducted  during  1958,  had  as  its  purpose  an  understanding  of 
the  relative  functions  of  speed  and  of  torque  in  the  cutting  operation.  The  study  was 
limited  in  sc(^e  to  air-turbine  contra-angles,  where  power  and  speed  variations  could 
be  covered  thoroughly  and  easily  by  control  of  the  air  pressure  and  transverse  loading. 

Measurement  of  rotational  speed  during  actual  cutting  was  required  for  each  condi¬ 
tion  of  power  and  load.  This  required  that  the  handpiece  be  operated  in  a  fixed  position 
so  that  an  optical  tachometer  could  be  kept  focused  on  the  rotating  shaft  while  the 
specimen  being  cut  was  moved  against  the  rotating  bur  under  known  loads. 

The  equipment  assembly  (Figs.  1  and  2)  centered  around  the  fixed  mounting  for  the 
handpiece.  The  shafts  of  the  cutting  instruments  were  blackened  on  one  side  and 
polished  on  the  other,  alternately  to  interrupt  and  reflect  the  focused  light  beam.  The 
electronic  tachometert  provided  the  light  source  and  photocell  to  pick  up  the  reflec¬ 
tions.  The  frequency  of  photocell  impulses  was  counted  by  a  meter.J  An  oscilloscope§ 
was  used  to  indicate  maximum  signal  strength,  as  this  was  necessary  for  accurate 
counting. 

The  system  of  moving  the  ^>ecimen  under  load  included  an  adjustable  stand  with 
grips  to  hold  the  sample  being  cut.  This  was  mounted  on  a  nearly  frictionless  carriage 
which  was  pulled  by  a  dead-weight  loading  system  connected  through  a  series  of  pulleys. 

A  uniform  specimen  thickness  was  necessary  to  maintain  constant  cutting  area  and 
load  per  unit  area;  all  specimens  therefore  were  prepared  in  ^-inch  thickness  (Fig.  3). 
Preliminary  studies  of  metal  specimens  established  that  the  length  should  be  1  inch  ±  ^ 
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Fig.  3. — Detail  of  Fig.  2,  showing  specimen  prepared  in  l/l6-inch  thickness 
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to  provide  adequate  stock  for  cutting,  to  avoid  vibrational  effects  or  “chatter,”  and  to 
correlate  with  tooth  sizes.  Natural  tooth  specimens  were  ^-inch  mesiodistal  sections  of 
freshly  extracted  upper  incisors.  It  might  be  noted  that  the  orientation  of  the  section 
relative  to  the  tooth  structure  did  not  have  a  significant  effect  on  the  cutting  data;  this 
was  surprising  at  first  but  was  eventually  attributed  to  the  small  size  of  individual 
chips  relative  to  the  tubular  tooth  structure. 

Test  technique  in  preliminary  studies  of  brass  cutting  included  determining  the  orig¬ 
inal  dry  weight  of  the  specimen;  cutting  for  15  seconds,  during  which  the  bur  rotational 


AIR  PRESSURE- PSI 

Fig.  4. — No.  557  bur,  cutting  brass  dry  at  1,000  RPM 

speed  was  recorded;  reweighing  the  specimen;  and  calculating  the  material  removal 
rate.  In  subsequent  studies  of  natural  teeth,  sections  were  kept  in  water  until  imme¬ 
diately  before  use,  when  they  were  blotted  with  a  paper  towel,  dried  with  an  air  blast 
for  15  seconds,  and  weighed.  Water  cooling  was  used  during  the  cutting  of  teeth,  the 
duration  of  this  operation  varying  from  6  to  1 5  seconds,  depending  on  the  size  of  tooth 
and  the  type  of  instrument  used.  Accuracy  of  weighing  and  reweighing  in  all  cases  was 
determined  to  be  ±  1  mg.,  and  all  material-removal  rates  were  calculated  and  reported 
in  milligrams  per  minute. 

In  the  basic  study  of  brass  cutting,  the  type  of  brass  used  was  identified  as  “free 
cutting  quality,”  and  the  cutting  tool  was  a  No.  557  carbide  bur.  All  data  reported 
represent  an  average  of  five  separate  tests.  Actual  rotational  speeds  are  summarized  in 
Figure  4.  Various  air  pressures  supplied  to  drive  the  turbine  are  plotted  along  the  ab- 
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scissa,  the  applied  transverse  loads  on  the  ordinate.  The  average  rotational  speed 
resulting  from  each  combination  of  rotational  and  transverse  pressure  is  reported  in 
thousands  of  revolutions  per  minute,  very  much  as  elevations  would  be  above  a  two- 
dimensional  plane.  Isobars  connect  points  of  equal  rotational  speed  and  are  most  easily 
visualized  as  similar  to  topographic  contours.  Under  zero-load  conditions,  free-running 
speeds  are  seen  to  increase  with  increasing  air  pressure  throughout  the  range  studied. 
Data  values  were  inconsistent  below  15  gm.  applied  transverse  load,  as  differences  be¬ 
tween  static  and  dynamic  friction  in  the  loading  system  caused  vibratory  contact  or 


Fig.  S. — No.  SS7  bur,  cutting  brass  dry.  Material  removal  in  mg/min 


“chatter”  of  the  specimen.  Through  the  rest  of  the  field,  however,  increasing  load 
caused  decreasing  speed,  and  there  is  a  general  pattern  of  equal-speed  isobars  from  light 
transverse  loads  with  low  air  pressures  to  heavier  applied  loads  and  greater  air  pres¬ 
sures.  The  air  turbine,  of  course,  stalls  completely  with  excessive  application  of  load. 

Simultaneously  measured  material-removal  rates  are  reported  for  the  same  test  con¬ 
ditions  in  Figure  5.  In  this  case,  the  cutting  rate  is  reported  in  milligrams  per  minute 
for  each  combination  of  rotational  pressure  and  transverse  load.  It  is  apparent  that  cut¬ 
ting  rates  follow  an  inclined  pattern  similar  to  rotational  speed  and  that  optimum  cut¬ 
ting  is  secured  from  25-psi  air  pressure  and  25-gm.  applied  load  to  35-psi  air  pressure 
and  35-gm.  applied  load.  Comparing  Figures  4  and  5,  the  optimum  rate  of  brass  cut¬ 
ting  is  seen  to  result  from  rotational  speeds  between  150,000  and  220,000  rpm. 

A  brief  discussion  of  the  functions  of  applied  loading  relative  to  an  air  turbine  may 
assist  in  further  explanation  of  the  data.  Transverse  load  or  applied  pressure  has  two 


408  SEMMELMAN,  KULP,  AND  KURLANSIK 


J.  D.  Res.  May-June  1961 


effects — (1)  causing  an  indentation  or  bite  of  the  bur  flutes  and  (2)  controlling  the 
rotational  speed.  Thus  near-stalling  loads  result  in  large  bites  being  taken  but  with  in¬ 
sufficient  frequency  for  maximum  cutting  effectiveness.  Conversely,  near-zero  loads 
permit  the  highest  rotational  speed  or  frequency  of  flute  impacts,  but  the  indentation 
of  each  flute  is  too  small  to  produce  a  high  cutting  rate.  The  optimum  compromise  be¬ 
tween  these  extremes  is  achieved  at  an  intermediate  rotational  speed,  which,  for  any 
given  air-supply  pressure,  must  be  maintained  by  very  delicate  control  of  applied  loads. 
The  sensitivity  of  the  air  turbine  to  optimum  loading  is  seen  to  be  approximately  10  gm. 
under  test  conditions.  Comparison  with  manual  cutting  rates  indicates  that  human 
sensitivity  or  control  must  be  at  least  equal  to  this,  with  the  manual  load-adjusting 
process  being  continuous  and  automatic. 

The  optimum  speed  and  load  requirements  are,  of  course,  influenced  by  such  tool 
factors  as  flute  design,  sharpness,  diamond  grit,  diameter,  and  others. 

A  relationship  having  been  established  between  speed  and  cutting  effectiveness,  the 
same  data  were  next  re-examined  relative  to  power  or  torque.  It  is  interesting  that  there 
is  very  little  difference  in  the  cutting  rate  between  25-psi  air  pressure  under  25-gm. 
load  and  35-psi  air  pressure  with  3S-gm.  load.  Less  energy  is  being  put  into  the  cutting 
operation  in  the  first  instance  than  in  the  second,  both  from  pressurized  air  and  from 
manually  applied  force,  but  virtually  the  same  work  output  is  being  secured  in  the 
form  of  material  removal.  To  assist  in  visualizing  this  relation  of  work  output  and 
energy  input  for  all  test  conditions,  a  relative  index  was  calculated  by  dividing  the 
material-removal  rate  by  the  two  input  pressures — rotational  and  transverse. 

The  result  is  portrayed  graphically  in  Figure  6,  which  indicates  the  desirability  of 


Vol.  40,  No.  3  CUTTING  STUDIES  A  T  AIR-TURBINE  SPEEDS  409 

minimum  pressure,  although,  of  course,  a  reasonably  rapid  cutting  rate  must  also  be 
maintained.  The  ideal  compromise  between  efficiency  and  effectiveness  for  an  air  tur¬ 
bine  is  along  the  200,000  rpm  isobar  at  25-psi  operating  air  pressure,  which  requires 
the  minimum  use  of  pressure  to  accomplish  a  high  removal  rate.  Lower  air  pressures 
and  lighter  loads  may  be  preferable  in  finishing  operations,  where  lower  removal  rates 
are  desired,  where  it  may  be  necessary  to  work  without  a  coolant  and  efficiency  and 
heat  generation  are  more  important,  and  where  smaller  bites  per  bur  flute  may  con¬ 
tribute  to  better  surfaces. 

A  further  view  of  the  relationship  between  torque  and  cutting  results  by  referencing 
both  back  to  speed  (Fig.  4).  Air  turbines  are  known  to  have  inherent  high  speed  and 
low  torque  characteristics;  in  fact,  speed  and  torque  bear  a  generally  inverse  relation¬ 
ship  to  each  other.  Within  the  air-turbine  range  studied  here,  increasing  the  air-supply 
pressure  increased  the  speed  and  the  potential  torque,  but  no  actual  torque  was  de¬ 
livered  or  any  work  accomplished  until  a  load  was  applied.  Full  realization  of  torque 
from  air  pressure  is  achieved  only  under  stalling  loads  where  there  is  no  cutting  action. 


25  30  25  30 

AIR  PRESSURE-PSI. 

Fig.  7. — Natural  tooth  removal  (mg/min).  Left,  No.  107  diamond,  wet;  right,  No.  SS7  bur,  wet 
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While  increasing  the  air  pressure  serves  to  increase  the  stalling  potential  or  apparent 
torque,  the  practical  effect  is  to  require  the  operator  to  bear  down  harder  to  achieve  the 
optimum  rotational  speed  and  torque  delivery.  The  use  of  one  force  to  counteract 
another  above  the  speed-torque  level  required  for  effective  cutting  seemed  to  result  in 
some  loss  of  tactile  sensitivity  and  logically  would  also  contribute  to  heat  generation. 

With  this  view  of  the  mechanics  of  air-turbine  cutting  in  brass,  a  similar  study  was 
performed  for  verification  on  freshly  extracted  natural  teeth.  As  many  as  ten  tooth 
specimens  were  measured  to  arrive  at  average  data  for  reporting.  Test  coverage  was  in¬ 
creased  to  include  diamond  instruments  as  well  as  burs  and  cutting  with  a  coolant,  and 
pressure  and  load  variables  were  restricted  accordingly.  Inclined  patterns  of  material 
removal  rates  were  observed  (Fig.  7)  smiliar  to  those  in  cutting  brass.  However,  higher 
applied  loads  were  required  to  achieve  optimum  cutting  of  tooth  substance  (80-100 
gm,  at  25-30  psi).  Speeds  were  not  graphed,  but  optimum  cutting  was  measured  as 
occurring  between  the  200,000-  and  250,000-rpm  isobars.  It  should  be  noted  also  that 
tooth  material-removal  rates  were  considerably  higher  than  with  brass. 

CONCLUSIONS 

Speed  is  a  very  important  factor  in  dental  cutting,  and  optimum  air-turbine  speed 
can  be  controlled  by  manually  applied  load  with  surprising  accuracy. 

Actual  delivery  of  torque  is  also  manually  controlled  by  applied  loads  and  is  an 
inverse  function  of  the  operating  speed. 

Optimum  speed  can  be  secured  over  a  wide  range  of  conditions  from  low  air  pressure 
and  light  loads  to  high  air  pressure  and  heavier  loads.  A  25-psi  air-supply  pressure  and 
a  90-gm.  applied  load  are  recommended  as  the  minimum  pressure  condition  for  rapid 
removal  of  tooth  structure.  Lower  air  pressure  and  lighter  loading  would  be  preferable 
for  finishing  operations. 

Stalling  or  apparent  torque  can  be  increased  with  higher  air-supply  pressure  but 
requires  higher  applied  loads  for  optimum  cutting  rates  and,  above  25  psi,  does  not 
contribute  significantly  to  cutting  effectiveness. 

The  harder  the  material  being  cut,  the  higher  the  indenting  pressure  required;  how¬ 
ever,  the  more  brittle  materials  benefit  more  from  high  speed,  as  they  cut  more  cleanly 
and  rapidly. 

The  authors  acknowledge  the  assistance  of  Richard  Plowman  in  recent  rechecking  of  tooth-cutting 
data. 
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Thermal  Conductivity  of  Tooth  Structure,  Dental 
Cements,  and  Amalgam 
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The  thermal  conductivity  of  human  dentin  has  been  reported  by  Lisanti  and  Zander,^ 
Simeral,^  Phillips,  Reinking,  and  Phillips,^  and  Soyenkoff  and  Okun^  to  be  2.29  X  10“*, 
2.35  X  10“*,  0.257  X  10“*,  and  0.96-1.07  X  10“*  cal/sec/cmV°C/cm,  respectively. 
The  thermal  conductivity  of  human  enamel  has  been  reported  by  Soyenkoff  and  Okun* 
to  be  1.55  X  10“*. 

More  limited  data  are  available  for  zinc  phosphate  and  silicate  cements.  SimeraP 
reported  values  of  2.81  X  10“*  for  zinc  phosphate  and  2.00  X  10“*  for  silicate  cements. 
Phillips  and  co-workers*’  *  at  different  times  listed  the  thermal  conductivity  of  zinc 
phosphate  cement  to  be  3.91-5.37  X  10“*  and  0.311-0.388  X  10“*  cal/sec/cmV°C/cm, 
which  represents  the  centimeter,  gram,  second  (c.g.s.)  units  of  measurement.  Silicate 
cement  was  found  to  have  a  thermal  conductivity  of  0.458  X  10“*  c.g.s.  units.®  A 
survey  of  the  dental  literature  revealed  that  no  values  have  been  reported  for  amalgam. 

All  the  literature  values  indicated  that  dentin,  enamel,  zinc  phosphate  cements,  and 
silicate  cements  were  good  thermal  insulators,  although  the  numerical  values  for  the 
various  materials  often  disagreed  by  a  factor  of  10.  It  was  the  purpose  of  this  inves¬ 
tigation  to  establish  more  accurately  the  thermal  conductivity  of  tooth  structure  and 
dental  cements,  as  well  as  to  determine  a  value  for  dental  amalgam. 

MATERIALS  AND  METHODS 

Specimen  preparation. — Dentin  and  enamel  specimens  were  cut  from  human  teeth 
by  means  of  a  diamond-core  drill  mounted  on  a  jeweler’s  lathe.  The  cylindrical  blanks 
obtained  were  held  in  the  lathe  by  a  chuck,  and  the  sides  of  the  cylinder  were  cut 
down  by  a  tungsten  carbide  tool.  The  dentin  specimens  were  cut  to  a  diameter  of  0.234 
inch  (15/64")  and  the  enamel  specimens  to  a  diameter  of  0.156  inch  (5/32").  These 
finished  cylinders  were  then  placed  in  appropriate  collets  in  the  lathe  and  the  ends 
ground  flat  and  parallel  by  a  grinding  attachment  and  an  India  stone.  The  thickness 
of  the  enamel  specimens  was  0.030  inch,  and  those  for  dentin  varied  from  0.045  to 
0.060  inch. 

The  zinc  phosphate*  and  silicatef  cement  specimens  were  prepared  by  placing  the 
mixed  cement  in  a  split  stainless-steel  mold,  which  was  0.234  inch  in  diameter  and 
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0.12  inch  thick.  The  zinc  phosphate  inlay  seating  consistency  mix  contained  1.1  gm. 
of  powder  for  0.5  cc.  of  liquid,  and  thick  cement  base  mix  contained  1.85  gm.  of 
powder  for  0.5  cc.  of  cement  liquid.  The  consistency  of  the  silicate  cement  samples 
was  1.43  gm.  of  powder  for  0.4  cc.  of  cement  liquid.  After  preparation,  the  samples 
were  stored  in  distilled  water  until  the  thermal  conductivity  was  determined,  which 
varied  from  1  to  7  days  after  preparation. 

The  amalgam  specimens  were  condensed  in  stainless-steel  molds  and  had  dimen¬ 
sions  of  0.234  inch  in  diameter  and  a  thickness  of  either  0.06  or  0.12  inch.  The 
manufacturer’s*  recommended  proportions  were  used,  and  normal  ^8-10-lb.),  heavy 
(10-12-lb.),  or  light  (4-8-lb.)  condensation  pressure  on  a  2-mm.  condenser  was  used. 
The  surfaces  of  most  of  the  specimens  were  finished  by  lightly  polishing  with  600  A 
silicon  carbide  paper.  A  few  of  the  specimens  were  used  with  the  surface  finish  obtained 
by  trimming  only  with  a  razor  blade. 

Thermal  conductivity  equipment. — The  thermal  conductivity  was  determined  with 
equipment  which  was  essentially  a  modification  of  that  reported  by  Lisanti  and 
Zander.^  The  specimens  were  placed  between  two  pure  copper  rods  and  were  held 
firmly  in  position  by  the  action  of  a  spring.  The  copper  rods  used  were  the  same 
diameter  as  the  specimens,  and  each  was  6.5  cm.  long.  One  end  of  the  rod  was  ground 
flat  with  the  jeweler’s  lathe,  and  the  other  end  was  threaded  so  that  it  could  be 
screwed  into  the  heating  and  cooling  unit.  Minute  holes  were  drilled  in  the  rods  1  mm. 
from  the  sample  end  and  at  intervals  of  1  cm.  Thus  each  rod  had  seven  holes  spaced 
at  1-cm.  intervals  into  which  were  inserted  copper-constantan  thermocouples  made 
from  28-gauge  wire.  The  threaded  end  of  one  rod  was  screwed  into  a  copper  block, 
which  could  be  electrically  heated  by  current  from  a  6-volt  storage  battery.  The  other 
rod  was  screwed  into  another  copper  block,  which  was  cooled  by  circulating  water. 
The  cooling  water  was  taken  from  a  thermostatically  controlled  storage  tank  which 
maintained  a  constant  pressure. 

Thermal  conductivity  measurement. — The  rod  assembly,  including  supports,  was 
contained  in  a  plywood  box,  having  a  16-inch  edge  length.  The  lower  portion  of  the 
box  was  packed  with  glass-wool  insulation,  while  sections  of  polystyrene  foam  were 
used  in  the  upper  parts  of  the  box.  The  foam  sections  could  be  easily  removed  to 
allow  for  changing  thermal  conductivity  samples. 

The  thermal  conductivity  sample  was  placed  between  the  copper  rods,  using  a  film 
of  glycerine  on  each  surface  to  insure  adequate  contact.  The  entire  system  was  allowed 
to  reach  a  steady-state  condition,  where  the  heat  flow  in  equaled  the  heat  flow  out. 
Under  these  conditions,  the  temperature  of  each  position  remained  constant  with  time. 
Then  the  temperature  at  the  various  positions  along  the  copper  rods  was  measured 
by  the  thermocouples  and  a  potentiometer  .f  The  potentiometer  had  a  sensitive  scale 
from  0  to  16  millivolts,  graduated  in  0.01  millivolt.  The  temperature  could  be  meas¬ 
ured  to  ±0.05°  C.  with  this  equipment.  An  extrapolation  of  the  plot  of  the  tempera¬ 
ture  against  distance  along  the  copper  rods  permitted  the  determination  of  the  surface 
temperature  on  the  hot  and  cold  sides  of  the  conductivity  specimen. 

In  order  to  establish  whether  or  not  steady-state  conditions  had  been  attained, 
which  took  from  16  to  20  hours,  the  temperature  of  the  thermocouple  positions  was 
determined  at  1-2-hour  intervals.  When  two  successive  runs  gave  the  same  temperature 
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values,  it  was  assumed  that  the  system  had  reached  a  steady  state.  After  steady  state 
had  been  established,  a  minimum  of  four  separate  determinations,  at  1-hour  intervals, 
was  made  of  the  thermal  conductivity  of  each  of  the  specimens. 

Thermal  conductivity  calculation. — Under  steady-state  conditions  the  quantity  of 
heat  flowing  through  the  copper  rod,  gi,  is  represented  by  equation,  (1), 


(1) 


where  is  the  thermal  conductivity  of  copper,  Ai  is  the  area  of  the  copper  rods, 
Ati  is  the  change  in  temperature  along  the  copper  rod,  and  is  the  distance  over 
which  this  temperature  change  occurs.  The  quantity  of  heat  flowing  through  the 
specimen  may  be  represented  by  g2=  UA/2.  3,  where  U  is  equal  to  the  following 
expression: 

1 


U  = 


(2) 


The  terms  X2  and  Xa  are  the  sample  and  glycerine  thicknesses,  respectively,  while 
and  kz  are  the  thermal  conductivities  of  the  sample  and  glycerine,  and  A2  and  Ah 
are  the  areas  of  the  sample  and  glycerine  film,  respectively.  The  term  At-i,  3  represents 
the  temperature  drop  across  the  sample  and  the  glycerine  films. 

The  qualities  qi  and  q2  may  be  equated  under  conditions  of  steady  state,  as  indi¬ 
cated  in  equation  (3), 

A^2,  3 


kiA 


(fy 


{Xi/hAi)  4-  {Xn/hAH) 


(3) 


All  the  quantities  in  equation  (3)  are  known,  except  k2,  the  thermal  conductivity 
of  the  specimen,  and  thus  it  may  be  calculated.  Equation  (3)  has  been  simplified  for 
ease  of  calculating  the  thermal  conductivities  of  unknown  materials,  as  shown  in 
equation  (4): 


ki  — 


k\kzd\  (X2  slopei) 


(^^2.  3)  “  (slopCi)  ■ 


(4) 


For  the  sake  of  simplicity,  the  squares  of  the  diameters  of  the  rods,  specimen,  and 
glycerine  film  were  used,  rather  than  the  areas.  Likewise,  the  slope  of  the  temperature 
versus  distance  plot  along  the  cc^per  rod  on  the  cold  side  was  substituted  for  ti/Xi. 
If  the  average  of  the  slope  on  the  hot  and  cold  slides  were  used,  this  would  increase 
the  thermal  conductivity  of  dentin  from  the  reported  value  of  1.4  X  10^  to  1.7  X  10"^ 
cal /sec/cm^/° C/cm.  For  each  thermal  conductivity  measurement,  the  terms  in  paren¬ 
theses  were  required.  The  sample  thickness,  the  slope  of  the  temperature  versus  dis¬ 
tance  plot,  and  the  temperature  drop  across  the  specimen,  therefore,  were  needed  in 
order  to  calculate  the  thermal  conductivity. 

The  right-hand  term  in  the  denominator  of  equation  (4)  is  the  correction  for  the 
glycerine  film  on  each  side  of  the  specimen.  Values  for  X3,  the  double  film  thickness, 
were  determined  by  using  a  copper  specimen  and  were  checked  by  using  a  glass* 
specimen  approximately  the  thickness  of  the  unknown  specimen.  The  glycerine  film 
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thickness,  using  the  0.234-inch  diameter  copper  rods,  was  20  p.  for  all  samples  from 
0.045  to  0.12  inch  thick.  The  0.156-inch  diameter  copper  rods  were  used  only  for  the 
smaller  enamel  specimens,  and  a  film  thickness  of  50  /u.  was  obtained.  This  increase 
in  film  thickness  presumably  was  a  result  of  using  copper  rods  60  mm.  in  length  rather 
than  the  usual  length  of  65  mm.  A  significantly  lower  spring  pressure  was  exerted  on 
the  samples  when  the  shorter  copper  rods  were  used,  and  therefore  a  thicker  glycerine 
film  was  observed. 

Glass*  specimens  of  various  thickness,  with  a  thermal  conductivity  of  2.7  X  10“® 
cal/sec/cmV°C/cm  were  used  as  standards  throughout  this  study,  and  ten  standard¬ 
ization  runs  were  made.  A  maximum  error  of  3  per  cent  was  observed  in  the  standard¬ 
ization  runs.  Seven  of  the  ten  standardization  runs  were  within  1.5  per  cent  of  the 
theoretical  value  (±0.03X  10^  c.g.s.  units).  It  was  observed  that  slightly  better 


TABLE  1 

Thermal  Conductivity  of  Dentin  and  Enamel* 


Dentin 

Enamel 

Sample 

Parallel 

Perpendicular 

Parallel 

to  Tubules 

to  T'lbules 

to  Rods 

(XXIO*) 

(A^XIO*) 

(XX10») 

1 . 

1.43+0.03 

1.4510.04 

2.1910.04 

2 . 

1.5310.02 

1.6510.04 

2.2010.06 

3 . 

1.4010.04 

1.1210.02 

2.1610.06 

4 . 

1.3110.03 

1.2510.03 

2.1010.07 

5 . 

1.4010.04 

1.5410.05 

2.5510.04 

6 . 

1.3210.05 

1.3810.03 

2.1010.03 

7 . 

1.2510.03 

1.3410.04 

2.2910.09 

8 . 

1.3010.04 

Mean. . 

1.3610.07X10-* 

1.3910.12X10-* 

2.2310.11X10-* 

*  Determined  at  an  average  temperature  of  50°  C.;  reported  in  cal/sec/cm’/'C/cm. 


thermal  conductivity  values  for  glass  were  obtained  if  the  slope  of  the  temperature 
versus  distance  plot  on  the  cold  side  of  the  specimen  was  used.  The  slope  on  the  hot 
side  was  always  slightly  higher  and,  if  averaged  with  the  slope  on  the  cold  side,  gave 
somewhat  higher  thermal  conductivity  values.  The  higher  rate  of  change  of  tempera¬ 
ture  on  the  hot  side  of  the  sample  was  presumably  due  to  greater  heat  loss  by  radiation, 
since  the  rod  temperature  was  approximately  45°  C.  higher  than  the  ambient  tem¬ 
perature  of  the  insulation.  Radiation  effects  may  be  neglected  in  the  case  of  the 
copper  rod  on  the  cold  side,  since  the  temperature  was  within  a  few  degrees  of  the 
ambient  temperature. 

RESULTS 

The  thermal  conductivity  values  for  human  dentin  and  enamel  are  listed  in  Table  1. 
Dentin  specimens  having  the  tubule  direction  parallel  to  the  heat  flow  resulted  in  an 
average  thermal  conductivity  for  eight  samples  of  1.36  X  10^  cal/sec/cm2/°C/cm 
and  an  average  deviation  from  the  mean  of  ±  0.07  X  10^-  Dentin  samples  with  the 
tubule  direction  generally  perpendicular  to  the  heat  flow  had  an  average  value  of 
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1.39  ±  0.12  X  c.g.s.  units.  These  data  show  that  tubule  direction  does  not  influ¬ 
ence  the  thermal  conductivity  of  dentin. 

Human  enamel  had  a  higher  thermal  conductivity  than  dentin,  with  values  ranging 
from  2.10  to  2.55  X  c.g.s.  units.  The  mean  value  for  enamel  with  the  rod  direction 
parallel  to  the  heat  flow  was  2.23  ±0.11  X  10^  c.g.s.  units.  It  should  be  noted  that 
the  average  deviation  from  the  mean  for  a  single  sample  of  dentin  or  enamel  was  less 
than  the  average  deviation  calculated  by  averaging  the  thermal  conductivities  of  all 
samples  of  a  similar  type.  This  suggests  an  actual  variation  in  the  thermal  conductiv¬ 
ity  from  one  tooth  to  another  or  possibly  variations  in  sample  preparation. 

The  zinc  phosphate  cement  specimens,  prepared  from  an  inlay  or  crown-and-bridge 
consistency  mix  and  measured  in  an  essentially  wet  condition,  resulted  in  a  mean 
value  of  2.5  X  ICH  cal/sec/cmV°C/cm  and  an  average  deviation  from  the  mean  of 
±  0.3  X  10“^  c.g.s.  units,  as  shown  in  Table  2.  The  samples  prepared  from  the  base- 


TABLE  2 

Thermal  Conductivity  of  Zinc  Phosphate  and  Silicate  Cements 


Zinc  Phosphate  Cement* 

SiucATE  Cement! 

Sample 

Inlay  Mixt 

Base  MixS 

Days  after 

1st  Day  of  Run 

2d  Day  of  Run 

(AX  10*) 

(AX10«) 

Mix 

(AX10«) 

(AX  10*) 

1 . 

1.93±0  09 

3.7210.10 

1 

1.9010.03 

1.8210.04 

2 . 

3.10±0.10 

3.4610.01 

2 

1.7610.04 

1.5710.06 

3 . 

2.65  +  0.10 

2.9110.02 

3 

1.5710.02 

1.7310.03 

4 . 

2.54±0.06 

2.8910.03 

5 

1.7010.05 

1.7510.03 

5 . 

2.5310.09 

2.8010.09 

5 

2  0210  01 

1.8110.07 

6 . 

2.1410.07 

2.5610  09 

7 

2.2010.06 

2.0310.02 

*  Determined  at  an  average  temperature  of  55*  C.,  reported  in  cal/sec/cm*/*  C/cm. 
t  Determined  at  an  average  temperature  of  45°  C.,  reported  in  cal/sec/cm*/”  C/cm. 
1 1.1  gm.  powder  to  O.S  cc.  cement  liquid. 

{  1.85  gm.  powder  to  0.5  cc.  cement  liquid. 


consistency  mixes  had  an  average  value  of  3.1  X  10^  c.g.s.  units.  Since  the  average 
deviation  from  the  mean  was  again  ±  0.3  X  10"®  c.g.s.  units,  the  data  indicate  only 
a  slight  difference  between  the  thermal  conductivity  of  inlay  and  base  consistency 
mixes  of  zinc  phosphate  cements.  Again,  less  variation  was  found  between  different 
runs  from  a  single  sample  than  between  different  samples. 

The  thermal  conductivities  of  the  silicate  cement  specimens  also  are  listed  in  Table  2. 
Two  values  are  given  for  each  sample,  the  first  representing  the  thermal  conductivity 
during  the  first  day  in  the  thermal  conductivity  apparatus  and  the  second  value  giving 
the  conductivity  during  the  second  day.  The  average  values  of  1.9  ±  0.2  X  10"® 
cal/sec/cm®/°C/cm  for  the  first  day  and  1.8  ±  0.1  X  10“®  c.g.s.  units  for  the  second 
day  illustrate  that  little,  if  any,  dehydration  took  place  under  the  experimental  con¬ 
ditions.  The  thermal  conductivity  of  the  silicate  cement  specimens  was  determined 
1, 2,3,5,  and  7  days  after  preparation,  and  no  trend  was  observed,  possibly  because  of 
the  variations  obtained  for  different  samples. 

Dental  amalgam  was  found  to  have  an  average  thermal  conductivity  of  5.4  X  10"“ 
cal/sec/cmV°C/cm,  as  reported  in  Table  3.  Considerable  variation  was  observed  from 
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sample  to  sample,  as  indicated  by  figures  ranging  from  4.43  to  6.87  X  10“^  c.g.s.  units. 
Unfortunately,  no  trend  in  the  figures  could  be  attributed  to  condensation  pressure, 
sample  finish,  amalgam  alloy,  or  mercury  content  of  the  amalgam  samples,  since 
variations  between  samples  were  too  large.  Finished  samples  prepared  by  using  normal 
condensation  pressure  had  thermal  conductivities  from  4.43  to  6.87  X  10"^  cal/sec/ 
cmV°C/cm;  those  prepared  with  heavy  condensation  pressure  varied  from  S.OS  to 
6.40  X  10“2;  and  those  condensed  with  light  pressure  ranged  from  6.10  to  6.23  X  10“*'' 
c.g.s.  units. 

It  might  be  expected  that  samples  having  the  highest  mercury  content  would  have 
the  lowest  thermal  conductivity,  but  sample  13,  a  lightly  condensed  specimen  with 

TABLE  3 


Thermal  Conductivity  of  Dental  Amalgam* 


1. 

2. 

3. 

4. 

5. 

6. 
7. 
8t 
9t 

10. 

11. 

12. 

13. 

14. 


Sample  t 


Mean 


Condensation 

Pressure 


Sample  Surface 
Finish 


Mercury 
Content 
(Per  Cent) 


/TXIO* 


Normal 

Unfinished 

Normal 

Unfinished 

Normal 

Unfinished 

Normal 

Finished 

Normal 

Finished 

Normal 

Finished 

Normal 

Finished 

Normal 

Finished 

Normal 

Finished 

Heavy 

Finished 

Heavy 

Finished 

Heavy 

Finished 

Light 

Finished 

Light 

Finished 

45.2 


47.0 

46.4 


43.6 

42.8 

43.3 


47.8 


4.46±0.06 

4.6410.05 

5.5210.06 

5.4010.06 

4.4310.12 

4.4710.13 
4.5410.08 

6.8710.14 

5.3510.15 
6.4010.14 
6.3310.06 
5.0510.07 
6.1010.05 
6.2310.10 


5.410. 7X10-* 


*  Determined  at  an  average  temperature  of  36®  C.,  in  cal/sec/cmV*  C/cm. 

■  t  All  samples  except  8  and  9  were  prepared  from  S.  S.  White  Sigrens. 

{  Prepared  from  S.  S.  White  New  True  Dental  Alloy,  fine  cut. 

the  highest  mercury  content  of  47.8  per  cent,  had  a  relatively  high  conductivity  of 
6.10  X  10"^  c.g.s.  units.  Also  sample  9,  which  had  the  lowest  mercury  content  of  42.8 
per  cent,  resulted  in  a  lower  conductivity  value  of  only  5.35  X  10“^  c.g.s.  units.  Table 
3  includes  other  examples  of  the  lack  of  correlation  of  manipulation  of  amalgam  with 
thermal  conductivity. 


DISCUSSION 

A  summary  of  the  thermal  conductivity  for  dentin,  enamel,  zinc  phosphate  cement, 
silicate  cement,  and  amalgam  reported  by  various  investigators  is  presented  in  Table  4. 
The  values  are  listed  chronologically  for  each  material. 

The  figures  listed  for  human  dentin  can  be  divided  into  three  groups.  The  average 
thermal  conductivity  of  2.29  X  10“*  and  2.35  X  10^  cal /sec/cm  V°C/cm  reported  by 
Lisanti  and  Zander^  and  Simeral,^  respectively,  are  in  close  agreement.  These  results 
are  nearly  twice  the  values  of  1.35-1.39  X  10“®  found  in  this  research  with  essentially 
the  same  procedures.  The  principal  difference  in  their  procedure  was  the  use  of  the 
average  of  the  slopes  of  the  temperature  versus  distance  plot  for  the  hot  and  cold 
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copper  rod  in  the  thermal  conductivity  calculation,  which  would  result  in  higher  values. 
Improvement  in  sample  preparation  in  the  present  study  may  also  account  for  the 
difference  in  results. 

The  figure  of  0.257  X  10^  reported  by  Phillips  and  co-workers®  is  only  one-fifth 
the  value  found  in  this  study.  This  value,  as  well  as  their  figures  for  zinc  phosphate 
and  silicate  cements,  is  very  low,  possibly  because  of  their  method  of  measurement. 

The  thermal  conductivities  of  dentin  and  enamel  by  Soyenkoff  and  Okun^  were  in 
reasonable  agreement  with  the  corresponding  values  reported  in  this  study.  The  dif¬ 
ference  probably  represents  variations  in  procedure  and  sample  preparation,  partic¬ 
ularly  in  the  case  of  enamel.  It  should  be  noted  that  values  for  porcelain  vary  from 

TABLE  4 


Comparison  of  Thermal  Conductivities  with  Those  Reported  in  the  Literature 


Material 

Thermal 
Conductivity 
(Cal/Sec/CmV 
•  C/Cm) 

Temperature 

CC.) 

Source 

Dentin . 

2.29  X10-* 

40-90 

Lisanti  and  Zander  (Ref.  1) 

Dentin . 

2.35  XIO”* 

Simeral  (Ref.  2) 

Phillips  and  co-workers  (Ref.  5) 
Soyenkoff  and  C^un  (Ref.  4) 

Dentin . 

0.2S7X10-* 

Dentin  (root,  ||  to  tubules) . 

o.%  xio-> 

29 

Dentin  (crown,  ||  to  tubules) . 

1.07  X10-* 

29 

Soyenkoff  and  Okun  (Ref.  4) 

Dentin  (||  to  tubules) . 

1.36  X10-* 

50 

Craig  and  Peyton 

Dentin  ( j.  to  tubules) . 

1.39  X10-» 

50 

Craig  and  Peyton 

Enamel  (1|  to  rods) . 

1.55  X10-» 

26-29 

Soyenkoff  and  Okun  (Ref.  4) 

Enamel  (2  to  rods) . 

1.56  XIO”* 

26-29 

Soyenkoff  and  Okun  (Ref.  4) 

Enamel  (||  to  rods) . 

2.23  X10-* 

50 

Craig  and  Peyton 

Zinc  phosphate  cement . 

2.81  X10-* 

Simeral  (Ref.  2) 

Zinc  phosphate  cement . 

3.91-5.39X10-* 

Phillips  and  co-workers  (Ref.  3) 

Zinc  phosphate  cement  (dry) . 

0.31  X10-* 

Phillips  and  co-workers  (Ref.  5) 

Zinc  pho^hate  cement  (wet) . 

0.35  X10-» 

Phillips  and  co-workers  (Ref.  5) 

Zinc  phosphate  cement  (inlay  mix) 

2.5  X10-* 

55 

Craig  and  Peyton 

Zinc  phosphate  cement  (base  mix) . 

3.1  X10-* 

55 

Craig  and  Peyton 

Silicate  cement . 

2.00  XIO”* 

Simeral  (Ref.  2) 

Phillips  and  co-workers  (Ref.  5) 
Craig  and  Peyton 

Silicate  cement . 

0.46  X10-* 

Silicate  cement . 

1.78-1. 86X10”* 

45 

Dental  amalgam . 

5.4  XIO”* 

36 

Craig  and  Peyton 

1.9  to  4.7  X  10~®,  with  most  of  the  values  near  2.5  X  10^  c.g.s.  units.  These  values 
are  close  to  those  reported  for  dentin  and  enamel.  The  lower  thermal  conductivity  of 
dentin  compared  with  enamel  is  possibly  a  reflection  of  the  larger  amount  of  organic 
matrix  present  in  the  dentin. 

The  thermal  conductivities  of  zinc  phosphate  and  silicate  cements  reported  by 
SimeraP  of  2.81  X  10^  and  2.00  X  10^  c.g.s.  units,  respectively,  were  in  good  agree¬ 
ment  with  the  values  of  2.5-3. 1  X  10“^  and  1.78-1.86  X  10^  c.g.s.  units  found  in 
this  investigation.  The  early  figures  reported  by  Phillips^  for  zinc  phosphate  cement 
were  in  reasonable  agreement  with  the  previous  values,  but  a  later  paper®  lists  the 
thermal  conductivity  as  0.31-0.35  X  c.g.s.  units,  or  about  one-tenth  the  early 
values.  Likewise,  the  value  reported  by  Phillips®  of  0.46  X  10”®  for  silicate  cement 
is  much  lower  than  those  reported  by  the  other  authors. 

The  thermal  conductivity  of  dental  amalgam  cannot  be  compared  because  of  lack 
of  literature  values.  It  is  interesting,  however,  that  an  amalgam  containing  possibly 
45  per  cent  mercury,  39  per  cent  silver,  14  per  cent  tin,  and  2  per  cent  copper,  which 
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have  individual  conductivities  of  0.019,  1.00,  0.14,  and  0.92  cal/sec/cmV°C/cm, 
respectively,  has  a  thermal  conductivity  of  0.054  c.g.s.  units.  The  presence  of  mercury 
or  amalgams,  therefore,  has  a  pronounced  effect  on  the  thermal  conductivity  of  a 
finished  amalgam  restoration.  The  conductivity  of  the  amalgam  is  only  three  times 
that  of  mercury,  which  is  a  relatively  f)Oor  metallic  thermal  conductor. 

The  thermal  conductivity  of  dental  amalgam,  therefore,  is  low  compared  with  other 
restorative  dental  materials  such  as  pure  gold,  90  Au-10  Cu,  and  80  Au-20  Cu, 
which  have  thermal  conductivities  of  approximately  0.74,  0.29,  and  0.17  cal/sec/cmV 
°C/cm,  respectively.  The  conductivity  of  dental  amalgam  still  is  high  compared  with 
zinc  phosphate  and  silicate  cements,  which  have  conductivities  comparable  to  human 
tooth  structure. 

Thus  it  may  be  concluded  that  zinc  phosphate  and  silicate  cements  are  adequate 
thermal  insulators  in  replacing  lost  tooth  tissue.  It  also  appears  that  a  zinc  phosphate 
cement  base  essentially  replaces  dentin  in  a  deep-cavity  preparation  with  respect  to 
thermal  insulation  of  the  dental  pulp.  Although  amalgams  have  considerably  lower 
thermal  conductivities  than  dental  golds,  a  cement  base  would  still  be  recommended 
in  a  deep-cavity  preparation. 

It  should  be  emphasized  that  the  numerical  thermal  conductivity  values  are  inde¬ 
pendent  of  sample  thickness,  but  the  effectiveness  of  a  cement  base  as  an  insulating 
medium  is  directly  proportional  to  the  thickness  of  the  base.  This  fact  should  be 
considered  in  the  placement  of  a  cement  base. 

SUMMARY 

The  thermal  conductivity  of  human  dentin,  enamel,  zinc  phosphate  cement,  silicate 
cement,  and  dental  amalgram  has  been  determined  by  using  an  improved  steady-state 
procedure. 

The  average  thermal  conductivity  of  dentin  was  1.36-1.39  X  cal/sec/cm^/°C/ 
cm,  which  was  lower  than  the  value  of  2.23  X  for  human  enamel. 

Zinc  phosphate  and  silicate  cements  had  conductivities  of  2.5-3. 1  X  10“^  and  1.78- 
1.86  X  10“^  cal/sec/cmV°C/cm,  respectively.  These  values  approximate  the  value 
for  tooth  structure  and  are  in  the  range  of  good  thermal  insulators. 

Dental  amalgam  had  an  average  conductivity  of  5.4  X  cal/sec/cm^/'’C/cm, 
which  places  it  as  a  relatively  poor  insulator  compared  with  tooth  structure  or  dental 
cements,  but  a  relatively  good  insulator  compared  with  dental  gold  alloys. 

The  authors  gratefully  acknowledge  the  assistance  of  I.  Ibrahim,  D.  W.  Johnson,  R.  G.  Smith,  and 
T.  F.  Peyton  in  the  collection  of  the  data. 
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A  Study  of  Posterior  Mandibular  Movements 
from  Intercuspal  Occlusal  Position 


WILLIAM  L.  KYDD  and  ALLAN  SANDER 
School  oj  Dentistry,  University  of  Washington,  Seattle 

Studies  published  in  recent  years  on  the  positional  relation  of  the  mandible  to  the 
skull  and  movements  of  the  mandible  have  left  some  questions  unresolved.  Basic  dif¬ 
ferences  of  opinion  exist.  One  group^~®  contends  that  the  occlusal  or  intercuspal  posi¬ 
tion  corresponds  in  normal  dentition  to  the  most  retruded  position  or  apex  of  the  arrow- 
point  tracing.  Other  investigators^"^^  have  found  evidence  that  a  retrusive  movement  of 
0.5-1  mm.  from  the  median  occlusal  position  or  intercuspal  occlusal  position  is  a  normal 
relationship  between  temporal  bone  and  the  mandible.  These  same  investigators  have 
found,  in  a  small  percentage  of  patients,  that  this  retrusive  movement  may  be  absent. 

The  purpose  of  this  investigation  was  to  record  posterior  movements  of  the  mandible 
occurring  during  (1)  normal  opening  and  closure,  (2)  during  the  swallowing  cycle,  (3) 
with  and  without  the  use  of  a  suitable  retractor.  The  existence  of  retrusive  movement 
from  the  intercuspal  occlusal  position  during  swallowing  has  been  hypothesized  in  per¬ 
sons  with  clinically  normal  occlusion;  however,  neither  the  frequency  with  which  this 
movement  exists  nor  the  vector  of  this  movement  has  been  defined. 

MATERIALS  AND  METHODS 

A  rapid  film  changer*  was  coupled  with  a  100  KV,  500  ma  X-ray  generator  and  an 
X-ray  tube  to  provide  serial  10  X  12  inch  film  of  mandibular  movement.^®  A  mercury- 
vapor  water-cooled  contactor  was  employed  to  energize  the  X-ray  generator. 

The  film  changer  and  X-ray  head  were  mounted  on  individual  carriages  on  a  table 
which  was  specifically  designed  to  provide  a  variable  and  direct  reading  relationship 
between  the  central  ray  emitted  by  the  X-ray  anode  and  the  center  of  the  film.  The 
X-ray  head  and  film-changer  carriages  were  interconnected  by  a  steel  tape  calibrated  to 
provide  direct  reading  of  film-target  distance.  Both  carriages  were  movable  in  a  direc¬ 
tion  parallel  and  at  a  90°  angle  to  the  table.  The  latter  direction  was  also  calibrated  on 
steel  tapes,  so  that  the  central  ray  could  be  accurately  centered  on  any  point  on  the  film 
in  a  horizontal  plane.  The  X-ray  head  could  also  be  moved  vertically,  with  its  move¬ 
ment  calibrated  on  a  steel  tape  to  the  center  of  the  film  in  the  vertical  plane;  hence  the 
operator  was  able  to  position  the  central  ray  accurately  on  any  point  of  the  patient’s 
head  placed  before  the  film. 

A  cephalostat  for  immobilizing  and  positioning  of  the  patient’s  head  was  designed 
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for  direct  mounting  on  the  film  changer  (Figs.  1  and  2).  The  cephalostat  was  con¬ 
structed  of  lucite  rods  for  external  auditory  meatus  supports,  a  nasion  support,  and  an 
infraorbital  ridge  marker.  The  vertical  lucite  external  auditory  meatus  rods  were 
mounted  on  stainless-steel  bars,  which  were  calibrated  in  the  horizontal  plane  to  the 
center  of  the  film.  The  rods  were  also  calibrated  vertically  to  the  center  of  the  film; 
hence,  with  the  horizontal  and  vertical  adjustments,  the  patient’s  external  auditory 
meatus  could  be  oriented  to  any  point  on  the  film.  The  infraorbital  ridge  marker  was 
calibrated  to  the  same  vertical  scale  as  the  external  auditory  meatus  supports;  hence, 
by  adjusting  each  scale  to  the  same  reading,  the  patient’s  Frankfurt  plane  could  be 
oriented  to  the  horizontal.  The  nasion  support  had  an  arbitrary  vertical  scale  which 
could  be  used  along  with  the  other  scales  on  the  cephalostat  for  accurately  reposition¬ 
ing  patients  for  subsequent  radiography.  The  horizontal  scale  for  the  nasion  support 
provided  the  distance  in  centimeters  from  the  nasion  to  the  center  of  the  film  and  also 
recorded  the  distance  from  the  nasion  to  the  superior  surface  of  the  external  auditory 
meatus.  The  scale  on  the  horizontal  bar  extending  normal  to  the  plane  of  the  film  was 
calibrated  in  centimeters  from  the  film  surface.  For  sagittal  exposure  the  scale  pro¬ 
vided  the  subject-film  distance  (mid-sagittal  plane-film  distance)  as  well  as  the 
cephalic  measurement  (CM)  for  the  patient. 

Fourteen  subjects  were  used  for  this  investigation.  The  age  group  was  between 
twenty  and  thirty-six  years.  Only  persons  having  clinically  good  occlusions  were  used. 

Tracing  of  mandibular  movement  was  accomplished  by  following  the  movement  of 
radio-opaque  pellets.  A  lead  pellet  approximately  1.5  mm.  in  diameter  was  placed  on 
the  mandibular  incisors  and  one  pellet  placed  between  the  mandibuar  first  molar  and 
second  bicuspid.  Placement  of  the  anterior  pellet  was  such  that  it  would  not  interfere 
with  occlusion.  Reference  pellets  were  placed  on  the  maxillary  teeth,  one  between  cen¬ 
tral  incisors  and  one  between  the  first  molar  and  second  bicuspid.  An  auxiliary  refer¬ 
ence  pellet  was  taped  to  the  subject’s  forehead ;  however,  since  this  pellet  was  attached 
to  soft  tissue,  care  was  exercised  in  using  this  pellet  as  a  reference  point.  All  pellets 
were  attached  to  the  teeth  with  gray  compound  and  on  the  quadrant  adjacent  to  the 
film.^® 

Each  subject  was  submitted  to  two  serial  X-rays:  (1)  one  series  of  16  pictures  for 
an  open-close-swallow  tracing  and  (2)  one  series  of  8  pictures  for  an  open-close  with 
retraction  tracing. 

The  subject’s  head  was  placed  in  the  cephalostat  with  the  Frankfurt  plane  oriented 
to  the  horizontal.  The  superior  surface  of  the  external  auditory  meatus  was  placed  at 
the  center  of  the  film,  with  the  central  ray  oriented  to  pass  through  the  center  of  the 
film.  For  the  open-close-swallow  series  the  subject  was  instructed  to  relax  and  move 
the  mandible  from  occlusal  position  to  full  open  and  then  close  to  occlusal  position 
followed  by  a  normal  swallow.  For  the  open-close  with  retraction  series  the  subject  was 
instructed  to  relax  and  “open  and  close  the  mouth.”  Following  the  open-close-swallow 
series,  patients  were  retained  in  the  cephalostat  with  identical  nasion  support,  external 
auditory  meatus  support,  and  central-ray  reading  for  the  open-close  with  retraction 
series.  Retraction  of  3-4  lb.  on  the  mandible  was  accomplished  with  the  use  of  an 
elastic  chin  strap,  with  the  force  applied  from  the  gnathion  to  the  external  meatus 
supports. 

An  intensif)dng  screen  and  high-speed  Lysholm  vertical  grid  were  used  on  all  series. 
To  minimize  subject’s  enlargement,  a  target-film  distance  of  60  inches  was  used. 
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Allowing  for  differences  in  patient  cephalic  measurement,  the  average  KV  and  ma  was 
86  and  320  at  1 /30-second  exposure.  In  order  to  be  certain  that  all  movement  of  the 
mandible  is  stopped  in  each  picture,  the  preferred  technique  is  90  KV  and  450  ma  at 
1 /60-second  exposure;  however,  because  of  X-ray  generator  limitations,  it  was  neces¬ 
sary  to  use  the  lower  KV  and  ma  at  the  longer  exposure  time.  Even  at  1  /30-second  ex¬ 
posure,  however,  only  in  isolated  cases  when  patient  mandibular  movement  was  very 
rapid  could  some  movement  of  the  pellets  be  detected  on  the  film.  All  series  were  taken 
at  5  pictures  per  second,  which  allowed  approximately  3  seconds  for  the  open-close- 
swallow  series  and  2  seconds  for  the  op)en-close  with  retraction  series. 


Fig.  2. — Subject  oriented  in  cephalostat  (B).  Rapid  film  or  cassette  changer  (4)  and  X-ray  head 
shown  mounted  on  individual  calibrated  carriages. 
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The  processed  film  from  the  two  series  from  each  patient  was  compared  visually 
over  an  X-ray  viewbox  to  note  superimposition  of  reference  pellets.  The  reference  pel¬ 
lets  from  each  series  were  identical.  The  center  of  each  pellet  outline  on  each  film  was 
perforated  by  a  sharp-pointed  instrument.  In  this  perforating  procedure  greater  accu¬ 
racy  was  obtained  by  using  a  Bausch  &  Lomb  measuring  magnifier.  The  position  of  the 
mandibular  pellets  on  each  film  of  each  series  was  transferred  to  transparent  ortho¬ 
dontic  tracing  paper.  This  was  accomplished  by  superimposing  the  tracing  paper  over 
the  film  and  perforating  the  tracing  paper  where  the  film  had  previously  been  per¬ 
forated.  Therefore,  the  outline  of  mandibular  movement  and  corresponding  condylar 
movement  could  be  traced.  By  superimposing  tracings  of  the  open-close-swallow  series 
and  the  open-close  with  retraction  series,  it  was  possible  to  compare  the  retrusion  that 
occurred  on  swallowing  with  that  which  occurred  with  the  retractor. 

TABLE  1 


Vectors  of  Retrusion 


Si  EJECT 

Retrusion  from  In¬ 
tercuspal  Position 
(Mm.) 

Method  Used 

Angle  op  Retrusion  to 

Angle  of  Mean 
Condylar  Path 

Retractor 

SwallowinK 

SN/P 

O/P 

FKT/P* 

SN/P 

O/P 

FKT/P* 

1 . 

0.5 

0.4 

15 

16 

22 

30 

31 

37 

2 . 

0.2 

0.5 

18 

10 

14 

37 

33 

35 

3 . 

1.0 

1.0 

15 

13 

19 

25 

23 

29 

4 . 

0.3 

0.3 

-34 

-41 

-28 

36 

29 

42 

5 . 

0.5 

0.5 

14 

11 

18 

34 

31 

38 

6 . 

0  5 

0.3 

28 

21 

25 

28 

21 

25 

7 . 

0.2 

0.2 

15 

10 

12 

28 

16 

24 

8 . 

0.9 

0.9 

27 

19 

26 

27 

19 

26 

9 . 

1.8 

0.6 

-38 

-47 

-42 

29 

20 

25 

10 . 

1.5 

1.4 

-46 

-58 

-52 

44 

32 

38 

11 . 

1.1 

1.1 

-14 

-12 

-11 

22 

24 

25 

12...... 

1.2 

1.1 

-17 

-33 

-20 

36 

20 

33 

13 . 

1.7 

1.4 

34 

22 

30 

33 

21 

29 

14 . 

0.9 

0.8 

-22 

-28 

-28 

30 

24 

24 

*SN/P  =  sella-nasion  plane;  O/P  =■  occlusal  plane;  FKT/P  =  Frankfurt  plane. 


In  addition,  a  second  tracing  procedure  was  used  where  a  film  on  a  subject  illus¬ 
trating  maximal  opening  was  made  into  a  composite  by  superimposing  films  showing 
progressive  degrees  of  closure  to  intercuspal  position.  The  master  film  showed  the  se¬ 
quential  progress  of  the  lead  pellet  to  closure.  In  addition,  the  posterior  movement  was 
illustrated  on  the  same  film.  All  measurements  were  made  with  a  Bausch  &  Lomb 
measuring  magnifier. 


RESULTS 

■  Table  1  shows  the  vectors  of  retrusion  observed  in  patients  when  swallowing  and 
when  the  mandible  was  under  a  retracting  force.  The  mean  posterior  movement  with 
retraction  was  0.87  ±1.0  mm.;  during  swallowing,  0.71  ±  0.7  mm.  All  the  patients 
displayed  some  posterior  movement  from  their  intercuspal  position  with  either  the 
retractor  or  when  swallowing.  Disregarding  the  direction  of  retrusion,  the  amount 
varied  from  0.2  to  1.8  mm.,  and  6  cases  displayed  the  same  amount  of  retrusion  during 
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swallowing  as  occurred  forcibly  under  retraction.  Using  Student’s  i-test,  no  signif¬ 
icant  difference  could  be  found  between  posterior  movement  during  swallowing  and  the 
posterior  movement  with  retraction.  Cases  that  showed  retrusion  with  the  retractor 
but  little  on  swallowing  displayed  comparatively  deep  interlocking  cusps,  such  that  the 
mandible  was  locked  in  intercuspal  position  during  the  swallowing  cycle. 

The  direction  of  posterior  movement  was  measured  with  respect  to  three  standard 
planes,  i.e.,  the  sella-nasion  plane,  Frankfurt  plane,  and  the  occlusal  plane  (Fig.  3). 
Approximately  half  the  cases  examined  showed  positive  angles  of  posterior  movement 
with  the  occlusal  plane  or  a  direction  of  retrusion  from  intercuspal  occlusal  position 
approximating  the  mean  condylar  path.  The  remaining  cases  showed  negative  angles 


Fig.  3. — Illustrating  sella-nasion  plane,  Frankfurt  plane,  occlusal  plane.  MCP  =  mean  condylar 
path.  Dotted  line  indicates  path  of  mandibular  opening  and  closure  with  retraction.  Solid  line  de¬ 
notes  opening  and  closure  with  no  encumbrance  on  the  mandible.  Arrows  indicate  direction  of 
mandibular  movement,  i.e.,  opening  and  closing. 

of  retrusion.  Examination  of  these  cases  revealed  comparatively  steep  cusps,  and  con¬ 
sequently  the  vector  of  posterior  movement  was  governed  primarily  by  cuspal  planes, 
producing  posterior  and  inferior  displacement  of  the  condyles.  The  mean  angle  of 
retrusion  in  the  positive  direction  was  17°,  while  the  mean  angle  retrusion  in  the 
negative  direction  was  — 36°. 

The  condylar  path  from  closed  to  open  position  was  also  measured  with  respect  to 
three  standard  planes,  i.e.,  sella-nasion  plane,  Frankfurt  plane,  and  occlusal  plane.  The 
average  angle  of  the  condylar  path  to  the  occlusal  plane  was  25°. 

The  sagittal  serial  radiographs  in  the  retracted  group  were  examined  for  location  of 
the  transverse  rotational  plane  of  the  mandible.  In  the  retraction  series,  eight  of  the 
fourteen  produced  movement  at  the  mandibular  incisors  approximating  hinge-axis 
opening  within  the  condyles.  Rotational  movement  without  translation  occurred  at 
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opening  of  20  ±  3.1  mm.  to  closure  at  the  incisors.  In  the  remainder,  rotational  move¬ 
ment  occurred,  but  its  axis  did  not  appear  to  be  in  the  area  of  the  condyles.  Although 
mandibular  retraction  was  used  in  all  cases,  the  movement  arc  after  an  opening  of 
20  ±:  3.1  mm.  on  the  series  showed  an  increase  radius  and  an  inferior  displacement  of 
the  plane  of  rotation.  This,  of  course,  implies  that  while  rotation  occurred  in  space 
about  the  condyle  the  mandible  moved  bodily  anteriorly  and  interiorly. 

DISCUSSION 

Condylar  registration  in  sagittal  or  profile  radiographs  presented  the  problem  of 
overlapping  dense  bony  structures  which  tend  to  obscure  the  bony  anatomy  of  the 
temporomandibular  joint,  according  to  Amer.^*  Moreover,  an  examination  of  condyles 
in  laboratory  specimens  will  show  shapes  of  great  variation,  presenting  involute  and 
evolute  curvatures,  which  are  not  readily  traceable  in  profile  radiographs.  Therefore, 
while  mandibular  movement  can  be  defined  accurately  with  the  use  of  radio-opaque 
pellets,  the  outline  of  the  condyle  and  registration  of  the  mean  condylar  path  passing 
through  its  geometric  center  can  be  only  approximated.  This  does  not  imply  that  hinge- 
axis  rotation  did  not  occur  in  some  of  the  subjects.  It  means  that  the  axis  of  rotation 
did  not  appear  within  the  area  of  the  condyle. 

The  radiographic  technique  employed  gave  reasonable  definition  of  deep  soft-tissue 
outlines  on  the  swallow  series  radiographs,  and  it  was  possible  to  some  degree  to  follow 
muscular  action  in  the  series.  Tremendous  reflex  muscular  action  and  prcpulsive  force 
occurred  during  the  swallowing  cycle,  which  was  translated  to  retrusive  movement  of 
the  mandible  and  substantial  force  to  the  dental  structures  and  joint.  Maximum  retrac¬ 
tion  occurred  simultaneously  with  maximum  activity  of  the  tongue  and  palatal  muscu¬ 
lature,  giving  rise  to  elevation  of  the  soft  palate  and  forward  movement  of  the  posterior 
wall  of  the  pharynx,  closing  off  the  nasopharynx  from  the  oropharynx.  The  swallowing 
cycle  implies  that  a  distinct  retrusive  force  is  applied  to  the  mandible. 

Spontaneous  retrusion  from  intercuspal  occlusal  position  occurring  during  the 
swallowing  cycle  coincided  closely  with  the  amount  observed  with  forced  retrusion.  It 
is  unlikely,  therefore,  that  the  supportive  structures  of  the  temporomandibular  joint 
are  noticeably  compressible  and  that  a  retrusive  position  which  may  be  observed  under 
mandibular  retraction  is  a  forced  and  strained  relationship.  The  amount  of  retrusion 
observed  in  the  serial  radiographs  by  voluntary  action  and  under  mandibular  retrac¬ 
tion  agrees  closely  with  that  found  by  Posselt,^®  using  graphic  tracings.  From  the  results 
obtained,  the  intercuspal  occlusal  position  does  not  represent  the  most  retruded  posi¬ 
tion  of  the  mandible.  Also,  as  was  demonstrated  by  Posselt,  cases  which  we  examined 
did  not  indicate  a  rest  position  within  centric  relation.  The  rest  position  did  not  appear 
to  be  a  border  position.  We  could  not  consistently  demonstrate  a  rotation  of  the 
mandible  with  hinge  axis  within  the  area  of  the  condyle  with  the  use  of  a  retracting 
force.  The  mandible  in  five  subjects  of  the  series  demonstrated  translatory  motion  im¬ 
mediately  on  opening,  although  under  retraction  the  degree  of  translation  was  much 
less  than  that  occurring  during  habitual  opening.  In  those  cases  approximating  rota¬ 
tional  motion  in  opening,  with  the  mandible  under  retraction,  the  patterns  showed  a 
marked  degree  of  translation  at  openings  at  the  incisors  varying  from  17  to  23  mm. 
Many  authors  have  suggested  that  this  change  in  motion  is  due  to  limitation  in  motion 
placed  on  the  mandible  by  the  temporomandibular  ligament,  i.e.,  at  a  certain  range  of 
opening,  this  ligament,  because  of  its  length,  forces  the  mandible  to  move  forward.  We 
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do  not  propose  to  support  or  contradict  this  view,  since  an  examination  of  a  large 
number  of  prepared  specimens  and  cases  in  vivo  would  be  necessary  to  determine 
whether  such  limitation  actually  existed.  Cases  which  we  observed  with  the  mandible 
under  retraction  generally  showed  the  condyles  in  a  more  inferior  position,  suggesting 
that,  while  the  posterior  movement  is  limited  by  capsular  structures,  stability  is  prima¬ 
rily  derived  from  the  musculature.  During  swallowing,  when  muscle  contraction  may  be 
considered  unbalanced,  stability  is  derived  from  the  teeth  or  joint  or  both. 

While  all  the  cases  examined  demonstrated  retrusion,  considerable  variance  was 
displayed  in  the  direction  of  retrusion.  Appro.ximately  half  demonstrated  retrusion 
posteriorly  and  interiorly,  while  the  other  half  moved  posteriorly  and  superiorly  with 
a  wide  gradation  in  between.  Lateral  vectors  of  retrusion  may  also  be  present;  how¬ 
ever,  these  could  not  be  demonstrated  in  sagittal  view.  The  direction  of  retrusion  is 
purely  a  function  of  existing  cuspal  planes,  and  the  joint  structures  do  not  appear  to 
influence  the  retrusive  vector  except  to  determine  the  posterior  border  position. 

SUMMARY 

All  subjects  demonstrated  posterior  movement  from  their  intercuspal  occlusal  j)Osi- 
tion.  The  retrusion  varies  from  0.2  to  1.8  mm.  Considerable  variance  was  observed  in 
the  direction  of  posterior  movement.  The  direction  of  retrusion  appears  to  be  dependent 
primarily  on  cuspal  planes  rather  than  on  the  articulating  surfaces  of  the  temporo¬ 
mandibular  joint.  Retrusion  obtained  by  the  use  of  retraction  was  generally  the  same 
as  that  obtained  in  voluntary  movement;  therefore,  it  does  not  appear  that  temporo¬ 
mandibular  joint  structures  are  noticeably  compressible  from  forceful  retrusion. 
Rotary  motion  could  not  be  consistently  demimstrated  with  or  without  the  mandible 
under  retraction.  The  retractor  is,  however,  effective  in  producing  the  posterior  border 
position,  but,  once  motion  begins,  some  translation  occurs.  This  study  appears  to  indi¬ 
cate  that  the  rest  position  does  not  represent  a  true  border  position.  The  intercuspal 
position  is  anterior  to  the  most  retruded  position  demonstrated  in  this  study. 
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Experimental  Carcinogenesis  in  Submandibular 
Glands  of  Hamsters 
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The  literature  concerning  experimental  induction  of  tumors  in  salivary  glands  of  ani¬ 
mals  has  been  recently  reviewed  by  Standish.^  Steiner-  conducted  the  first  well-planned 
investigation  into  the  comparative  pathology  of  induced  tumors  of  the  salivary  glands 
in  different  animals.  By  employing  hydrocarbon  carcinogens  like  methylcholanthrene, 
1,2,5,6-dibenzanthracene,  and  3, 4, -benzpyrene  in  the  form  of  pellets,  he  was  able  to  in¬ 
duce  metaplasia  of  the  glandular  epithelium,  epidermoid  cysts,  squamous-cell  carcino¬ 
ma,  and  adenocarcinoma.  He  found  that  methylcholanthrene  produced  more  sarcomas 
and  a  greater  variety  of  mixed  tumors  in  mice  than  did  dibenzanthracene.  Bauer  and 
Byrne,®  using  the  same  type  of  carcinogens  and  the  same  method  of  administration, 
were  also  able  to  produce  epithelial  malignant  tumors.  Standish  studied  histologically 
the  evolvement  of  these  tumors.  His  findings  were  similar  to  those  of  Steiner.  He  also 
noted  that  methylcholanthrene  induced  sarcomas  more  frequently  than  did  7:12 
dimethylbenz  ( a )  anthracene. 

The  present  investigation  was  undertaken  to  study  the  effects  of  a  single  injection 
of  a  hydrocarbon  carcinogen  on  the  different  tissue  components  of  salivary  glands  and 
the  subsequent  tumor  formation.  Furthermore,  it  is  to  be  used  as  a  tool  for  future 
investigations  for  the  understanding  of  some  of  the  intricate  mechanisms  underlying 
cancer  in  general.  The  experimental  analysis  was  concerned  with  ( 1 )  the  histopatho¬ 
logic  changes  in  the  submandibular  glands  at  certain  slated  time  intervals  following  a 
single  injection  of  a  hydrocarbon  carcinogen;  (2)  the  effects  of  different  concentra¬ 
tions  of  a  carcinogen  injection  on  the  number  of  tumors  induced;  and  (3)  the  effects  of 
the  animal  age  on  the  tumor  yield. 

MATERIALS  AND  METHODS 

First,  50  golden  Syrian  male  hamsters,  3  months  of  age,  were  divided  into  six 
groups.  The  animals  were  singly  housed  in  a  room  maintained  at  72°  ±  3°  F.,  illumi¬ 
nated  from  6:00  a.m.  to  6:00  p.m.  and  darkened  from  6:00  p.m.  to  6:00  a.m.  Fox  chow 
and  tap  water  were  available  ad  libitum.  Under  intraperitoneal  nembutal  anesthesia,  a 
vertical  incision  was  made  in  the  middle  of  the  ventral  surface  of  the  neck.  By  blunt  dis¬ 
section,  submaxillary  glands  were  exposed,  and  0.05  cc.  of  0.5  per  cent  7:12  dimethyl¬ 
benz  (a)  anthracene  dissolved  in  liquid  petrolatum  was  injected  into  the  right  gland. 
The  left  gland  was  injected  only  with  the  solvent  in  the  same  amount  and  served  as 
control.  The  animals  from  groups  I  through  VI  were  sacrificed  with  lethal  doses  of 
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nembutal  at  intervals  of  1,4,  8,  10,  14,  and  18  weeks,  respectively.  Immediately  after 
extirpation,  the  glands  were  fixed  in  Zenker’s  solution  for  24  hours.  They  were  im¬ 
bedded  in  paraffin  and  processed  for  microscopic  sections  in  routine  fashion.  They  were 
stained  with  hematoxylin  and  eosin  by  the  quick  method  described  by  Clark  and 
Gorlin.^ 

Another  45  golden  Syrian  male  hamsters,  3  months  of  age,  were  divided  into  three 
groups  and  were  kept  under  conditions  similar  to  those  in  the  preceding  experiment. 
The  right  submaxillary  gland  of  each  animal  in  group  I  was  injected  with  0.05  cc.  of 
0.1  per  cent  7:12  dimethylbenz(a)anthracene.  The  animals  from  groups  II  and  III 
were  injected  with  the  same  amount  of  carcinogen  in  concentrations  of  0.25  and  1.0 
per  cent,  respectively.  The  left  gland  was  treated  the  same  as  in  experiment  I  and 
served  as  control.  The  animals  were  sacrificed  in  the  same  fashion  after  18  weeks.  The 
submaxillary  glands  were  examined  microscopically,  and  the  number  of  animals  with 
tumors  was  recorded. 

In  a  third  study,  three  groups  of  10  golden  Syrian  male  hamsters  in  each  were  used. 
They  were  1,  6,  and  9  months  of  age,  respectively.  As  previously  described,  0.05  cc.  of 
0.5  per  cent  solution  of  7 : 12  dimethylbenz  (a) anthracene  was  injected  into  the  right  sub¬ 
maxillary  gland  of  each  animal,  and  the  same  amount  of  solvent  into  the  left  gland.  The 
animals  were  sacrificed  at  the  end  of  18  weeks,  and  the  glands  were  processed  in  the 
same  manner  as  previously  described.  The  number  of  animals  with  tumors,  confirmed 
by  microscopic  study,  was  recorded. 

RESULTS 

Histopathologic  changes. — At  1-week  intervals  the  carcinogen  evoked  minimal  in¬ 
flammatory  reaction  but  had  caused  extensive  degeneration  of  the  tissue,  both  paren¬ 
chymatous  and  stromal,  in  its  immediate  environs.  The  gland  tissue  in  close  proximity 
to  the  injection  site  was  replaced  by  faintly  staining  eosinophilic  material  not  unlike 
fibrin,  but  its  exact  nature  could  not  be  ascertained  (Fig.  1).  Throughout  this  material 
there  were  scattered  remnants  of  nuclear  material  which  stained  deep  blue  but  without 
any  cellular  detail.  Some  ducts  and  acini  were  still  present  in  those  parts  of  the  gland 
distant  from  the  injection  site.  The  epithelial  lining  of  these  structures  showed  squa¬ 
mous  metaplasia,  and  their  lumina  were  filled  with  cellular  debris  and  inflammatory 
cells  (Fig.  2).  At  the  fourth  week,  the  eosinophilic  material  stained  more  deeply  and 
presented  a  hyalinized  appearance.  Nuclear  remnants  were  slightly  more  prominent. 
The  inflammatory  reaction  was  easily  discernible,  and  in  a  few  instances  there  was 
abscess  formation.  At  the  eighth  week,  in  addition  to  the  above  changes,  there  was 
evidence  of  some  fibroblastic  activity  throughout  the  eosinophilic  material.  The  fibro¬ 
blasts  were  arranged  in  disordered  fashion.  They  were  not  of  uniform  size  and  shape, 
and  their  nuclei  appeared  slightly  hyperchromatic.  At  the  tenth  week,  quite  a  few 
atypical  cells  with  a  large  cytoplasm  and  a  big  nucleus  had  appeared  and  were  sug¬ 
gestive  of  their  malignant  nature  (Fig.  3).  Three  of  the  9  animals  in  this  group  had 
developed  fibrosarcomas  of  varying  gradations  at  the  end  of  the  fourteenth  week.  In 
well-differentiated  fibrosarcomas  the  cells  were  pleomorphic,  with  a  moderate  quantity 
of  cytoplasm  and  a  relatively  large  hyperchromatic  nucleus  containing  one  or  more 
prominent  nucleoli  (Fig.  4).  Mitotic  activity  was  frequently  .seen.  In  poorly  differen¬ 
tiated  sarcomas  there  was  an  extensive  degree  of  pleomorphism.  The  cells  were  unusual- 


Fig.  3. — Photomicrograph,  demonstrating  histologic  changes  (10  weeks  post-injection).  Note  hyper¬ 
chromatism  and  irregularity  of  connective  tissue  cells. 


Fig.  4. — Photomicrograph,  demonstrating  poorly  differentiated  sarcoma  (14  weeks  post-injection). 
Note  extreme  hyperchromatism  and  pleomorphism  with  giant  nucleated  cell. 
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ly  large,  with  giant  nuclei.  Mitotic  activity  was  marked,  and  abnormal  mitoses  were 
quite  common.  Fibrosarcomatous  appearance  was  still  evident  in  parts  of  the  tumors. 
The  incidence  of  the  tumor  was  higher  and  the  differentiation  poorer  at  the  end  of  the 
eighteenth  week.  However,  no  local  or  distant  metastases  could  be  found  up  to  this 
time. 

In  control  animals  no  significant  change  was  noticeable  in  different  groups.  The 
solvent  had  evoked  minimal  inflammatory  reaction  except  for  the  abscess  formation 
in  occasional  animals.  Foreign-body  giant  cells  were  seen  rarely,  and  neoplastic 
changes  were  completely  absent. 

The  results  of  experiment  II  are  shown  in  Table  1.*  It  is  quite  evident  that,  with  an 
increase  in  concentration  of  carcinogen,  the  number  of  tumors  is  also  increased.  The 
systematic  intergroup  difference  in  the  tumor  yield  was  statistically  significant  at  the 
0.005  level.  Figure  5  is  the  graphic  representation  of  the  dose-response  curve.  The 
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Effects  of  Different  Concentrations  of  Carcinogens 
ON  Tumor  Incidence 
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number  in  parentheses  indicates  the  number  of  animals  used  at  each  dose.  The  plotted 
points  represent  on  the  vertical  scale  the  actual  proportion  of  the  animals  developing 
tumors  with  the  dose  shown  on  the  horizontal  scale.  The  vertical  lines  through  each  of 
the  plotted  points  represent  an  interval  of  1  SE  on  each  side  of  the  plotted  percentage. 
The  dark  line  is  the  least-squares  line.  The  slope  of  the  curve  is  highly  significant  of 
systematic  intergroup  difference  in  the  dose  response. 

The  results  of  the  third  study  are  shown  in  Table  2.  It  is  obvious  that,  until  9  months 
of  age,  there  is  no  difference  in  the  incidence  of  tumor  yield.  In  all  three  groups  of  ani¬ 
mals  sacrificed  at  the  end  of  18  weeks  the  total  number  of  tumors  was  44.5  per  cent. 

discussion 

This  is  a  preliminary  report  on  the  study  of  the  effects  of  a  single  injection  of  a 
hydrocarbon  carcinogen  in  the  submaxillary  glands  of  the  hamsters  kept  under  stand¬ 
ardized  environments.  It  was  observed  that  a  single  injection  of  0.05  cc.  of  0.5  per  cent 
(250  mg.)  7:12  dimethylbenz( a) anthracene  dissolved  in  liquid  petrolatum  would 
induce  a  sarcoma  in  the  glands  between  10  and  14  weeks.  At  about  10  weeks,  an  altera¬ 
tion  in  the  morphology  of  individual  cells  was  noticeable,  but  it  was  not  until  14  weeks 
that  frank  fibrosarcomas  were  produced  in  this  study.  There  was  a  minimal  response  on 
the  part  of  the  epithelial  components  of  the  glands  to  the  carcinogen.  This  was  due  to 

*  Group  VI  represents  results  of  experiment  I  in  this  study. 
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the  fact  that  the  toxicity  of  the  carcinogen  destroyed  the  ducts  and  acini,  which  were 
replaced  by  scar  tissue.  It  appeared  that,  by  the  further  action  of  the  carcinogen  on 
the  newly  formed  connective  tissue,  fibrosarcomas  were  produced.  When  the  carcinogen 
is  administered  in  the  form  of  pellets,^  its  slow  and  gradual  action  on  the  more  sensi¬ 
tive  glandular  portion  produces  such  changes  as  metaplasia  of  the  ductal  and  acinar 


LOG  DOSE  in  y^gm 

Fig.  S. — Graphic  representation  of  dose-response  curve 
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F.ffect  of  Age  on  Tumor  Incidence 
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epithelium,  formation  of  epidermoid  cysts,  and  eventually  squamous-cell  carcinoma,  as 
has  been  repeatedly  shown  by  Steiner ,2  Bauer and  Standish.^  Thus  it  would  appear 
that  mode  of  administration  of  7:12  dimethylbenz  (a) anthracene  may  be  one  of  the 
factors  in  determining  the  types  of  the  neoplasms  that  could  be  induced  in  the  salivary 
glands.  Other  determining  factors  could  be  the  agents  used  and  their  concentrations, 
the  species,  and  the  stock  of  the  animals  employed.  Rusch,  Baumann,  and  Marson,® 
for  example,  claimed  to  have  induced  squamous-cell  carcinoma  in  mice  of  stock  “A” 
by  the  injection  of  3:4  benzpyrene  dissolved  in  oil  and  given  in  amounts  of  0.3-0. 7  mg. 
These  factors  would  need  further  investigations. 

The  tumor  yield  varied  directly  with  the  increase  in  concentration  of  the  carcinogen. 
This  factor,  however,  was  tested  only  up  to  1  per  cent  concentration.  The  effects  of 
concentrations  higher  than  1  per  cent  are  under  investigation. 

Age,  up  to  9  months,  was  not  a  critical  factor  in  the  incidence  of  induced  tumors. 
However,  it  would  be  of  interest  to  study  the  effects  of  age  in  hamsters  older  than  9 
months.  The  importance  of  the  standardization  of  the  animals  is  apparent  from  the 
results  that,  in  each  group  of  9  animals,  4  (44.5  per  cent)  developed  sarcomas.  The 
identical  percentages  in  the  three  age  groups  as  such,  however,  are  embarrassing  from 
a  statistical  point  of  view.  It  is  not  implied  that  in  another  study  such  percentages  will 
again  be  identical.  Differences  are  to  be  expected  in  replications.  The  implication  may 
be  made,  however,  that  such  differences  are  not  likely  to  be  statistically  significant. 
This  suggestion  is  supported  by  the  fact  that  the  slides  were  “blinded”  and  then  exam¬ 
ined  microscopically  by  two  investigators  independently,  on  two  occasions. 

SUMMARY 

When  0.05  cc.  of  0.5  per  cent  (250  mg.)  1:12  dimethylbenz  (a)  anthracene  dissolved 
in  liquid  petrolatum  was  injected  into  the  submandibular  glands  of  3-month-old  ham¬ 
sters,  fibrosarcomas  were  induced  between  10  and  14  weeks.  The  sequence  of  microscop¬ 
ic  changes  were,  in  order,  degeneration  of  the  parenchymatous  and  stromal  tissue  of  the 
gland  in  the  immediate  environs  of  the  injection  site,  fibrosis,  and  its  subsequent  trans¬ 
formation  into  fibrosarcomas  of  varying  gradations.  No  changes  of  any  significance 
were,  however,  noticed  in  the  control  glands.  The  tumor  yield  at  the  end  of  18  weeks 
increased  from  7.7  to  55.4  per  cent  with  the  change  in  concentration  from  0.1  (50  mg.) 
to  1.0  per  cent  (500  mg.).  All  other  factors  being  constant,  the  age  of  the  animals  up 
to  9  months  did  not  change  the  number  of  tumors  induced. 
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Amount,  pH,  Buffer  Effect,  and  Amylolytic  Activity 
of  Parotid  Saliva  between  and  Immediately 
Following  Meals 
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Saliva  stimulated  immediately  following  an  ordinary  meal  by  chewing  paraffin  wax  or 
chewing  gum  shows  a  significantly  higher  buffer  effect  than  saliva  secreted  after  the 
same  stimulus  between  meals,  and  the  difference  seems  to  be  due  to  the  bicarbonate 
content.^  An  increased  buffer  effect  after  meals  was  also  reported  by  Ericsson.^  These 
findings,  which  were  made  on  mixed  saliva,  could  possibly  be  explained  by  variations  in 
the  proportional  amounts  of  saliva  stimulated  from  various  glands,®  as  it  has  been 
found  that  parotid  and  submaxillary  salivas  show  considerable  variations  in  electro¬ 
lytic  concentrations.* 

The  aim  of  the  present  investigation  was  to  study  the  effect  of  meal-taking  on  the 
rate  of  flow  and  composition  of  a  separate  salivary  secretion  produced  in  response  to 
standard  stimulation.  In  order  to  use  chewing  as  stimulation,  the  parotid  glands  were 
selected  for  study.  It  seemed  worthwhile  to  test  not  only  the  buffer  effect  but  also  the 
amylolytic  activity  of  the  parotid  saliva,  to  find  out  whether  the  secretion  of  electro¬ 
lytes  and  of  organic  material  is  influenced  in  different  ways  by  the  meal. 

MATERIALS  AND  METHODS 

Sixteen  persons,  four  females  and  twelve  males,  twenty  to  thirty-five  years  of  age, 
served  as  subjects.  Parotid  saliva  was  collected  by  means  of  parotid  cups  during  exact¬ 
ly  5  minutes  of  chewing  paraffin  wax.  The  samples  were  taken  between  meals  about 
10:30  A.M.  and  about  12:30  immediately  after  lunch.  The  amount  of  saliva  produced 
was  measured.  The  space  above  the  saliva  in  the  test  tube  was  filled  with  expired  air, 
in  order  to  get  the  same  carbon  dioxide  tension  as  in  the  mouth.  The  pH  was  measured, 
and  the  buffer  effect  was  determined  by  potentiometric  titration  with  0.01  normal  hy¬ 
drochloric  acid.  Amylase  activity  was  determined  by  the  method  of  Myers,  Free,  and 
Rosinski®  and  converted  on  the  basis  of  the  data  of  Schneyer*  to  milligrams  of  crystal¬ 
line  enzyme. 

RESULTS 

As  shown  in  Table  1,  the  pH  and  the  buffer  effect  were  significantly  higher  in  the 
parotid  saliva  stimulated  at  meals  than  in  that  produced  by  the  same  stimulus  between 
the  meals.  An  increased  amount  of  saliva  was  also  found  at  the  meals,  although  here 
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the  probability  of  difference  is  not  so  great  as  in  the  other  cases.  With  regard  to  the 
amylase,  no  clear-cut  change  was  observed.  In  eight  persons  there  was  an  increase  of 
the  amylase  content,  in  four  there  was  a  decrease,  and  in  four  the  values  were  about  the 
same  between  and  at  meals. 


DISCUSSION 

This  study  demonstrates  that  in  parotid  saliva  the  buffer  effect  is  significantly  higher 
immediate!}'  ?/ter  a  meal  than  between  meals.  No  definite  change  was  observed  in  the 
amylolytic  activity,  under  the  conditions  of  stimulation  employed.  This  is  in  agree¬ 
ment  with  data  previously  reported  by  Schneyer.**  It  has  been  shown  that  the  buffer 

TABLE  1 

Amount,  pH,  Buffer  Effect,  and  Amylolytic  Activity  of  Parotid  Saliva  Stimulated 
BY  Chewing  Paraffin  Wax  for  S  Minutes  between  and 
Immediately  Following  Meals 
(Mean  Values  from  16  Individuals) 


AMotNT  (Ml.) 

pH 

Buffek  Effect* 

Mg  Amylase/Ml 

Be¬ 

tween 

Meals 

At 

Mealst 

Diff. 

Be¬ 

tween 

Meals 

At 

Meals 

Diff. 

Be¬ 

tween 

Meals 

At 

Meals 

Diff. 

Be¬ 

tween 

Meals 

At 

Meals 

Diff. 

M  (mean  value) . . 
w  (standard  error) 
1 . 

4.05 

5.46 

-ft. 41 
±0.42 
3.36 

7.08 

7.36 

-1-0.28 

±0.04 

7.0 

13.4 

19.4 

1.33 

1.48 

-t-0.15 

±0.13 

1.14 

. 

P . 

0.01>P>0.001 

<0.001 

<0.001 

>0.1 

*  Expressed  as  m  Ekv  HCl/liter  to  pH  5.0. 
t  Refers  to  period  immediately  following  meal. 


effect  of  saliva  is  largely  dependent  on  the  carbon  dioxide  content’*  *  and  that  an  in¬ 
crease  in  buffer  effect  in  mixed  saliva  at  meals  is  caused  by  an  increase  in  the  amount 
of  bicarbonate.^  Thus  it  is  probable  that  the  increased  buffer  effect  in  parotid  saliva 
after  a  meal  is  also  due  to  an  increase  in  bicarbonate.  This  would  mean  that  that  part 
of  the  saliva  secretion  which  consists  of  a  passage  of  crystalloids  from  the  capillary  is 
influenced  by  the  meal;  i.e.,  the  change  in  saliva  should  be  of  the  same  nature  as  the 
postprandial  alkaline  tide  in  urine.  This  assumption  is  supported  by  the  observation  of 
Anderson®  that  an  increase  in  plasma  bicarbonate  after  peroral  administration  of 
NaHCOs  was  accompanied  by  an  increase  in  salivary  pH. 

On  the  other  hand,  Sand^®  and  Ericsson^  did  not  find  any  definite  influence  on  bicar¬ 
bonate  content  or  buffering  action  of  saliva  after  experimental  alkalosis,  and,  according 
to  Sand,  bicarbonate  is  formed  in  the  cells  of  the  salivary  glands  during  the  secretion 
process.  Takaoka^^  seems  to  be  of  the  same  opinion.  But  it  is  also  known  that  experi¬ 
mental  acidosis  or  alkalosis  in  dogs  changes  the  bicarbonate  and  pH  of  the  saliva^^  and 
that  “saliva  produced  during  or  immediately  after  hyperventilation,  which  lowers  the 
H2CO3  fraction  of  blood,  has  an  increased  pH.”^®  If  these  conflicting  views  of  the  influ¬ 
ence  of  variations  in  the  plasma  on  the  composition  of  saliva  are  to  be  solved,  further 
studies  using  saliva  collected  from  the  separate  salivary  glands  are  necessary. 
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SUMMARY 

The  pH  and  buffer  effect  were  found  to  be  significantly  higher  in  parotid  saliva 
stimulated  immediately  after  meals  than  in  that  produced  by  the  same  stimulus  be¬ 
tween  the  meals.  A  tendency  toward  an  increased  amount  of  saliva  was  found  at  meals, 
but  with  regard  to  amylolytic  activity  no  clear-cut  change  was  observed. 

To  Drs.  J.  F.  Volker,  L.  H.  Schneyer,  C.  A.  Schneyer,  and  J.  M.  Bruhn  I  extend  my  sincere  grati¬ 
tude  for  stimulating  discussions  and  for  facilitation  of  this  study. 
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Histochemistry  of  Oral  Mucous  Membrane:  Total 
Protein,  Sulfhydryls,  Disulfides,  Ribonucleic 
Acid,  and  Desoxyribonucleic  Acid 
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Distribution  in  the  oral  mucous  membranes  of  disulfide  and  sulfhydryl  groups  has  been 
reported  by  several  investigators.^*^  The  occurrence  of  ribonucleic  and  desoxyribo¬ 
nucleic  acid  has  also  been  described  and  related  to  inflammation.  The  object  of  the 
present  study  is  to  compare  the  distribution  of  these  substances  in  different  areas  of  the 
oral  cavity  and  to  evaluate  their  significance  in  relation  to  aging  and  to  keratinization 
processes  in  two  commonly  used  laboratory  animals — the  rat  and  the  hamster.  These 
two  rodents  have  been  chosen  because  they  have  a  short  life-span  and  the  entire  history 
of  their  oral  tissues  can  be  studied  in  a  relatively  short  interval.  In  addition,  one  ani¬ 
mal — the  hamster — is  susceptible  to  periodontal  disease  while  the  other — the  Long- 
Evans  rat — is  relatively  resistant,  even  in  advanced  age. 

MATERIALS  AND  METHODS  , 

One  hundred  male  Long-Evans  rats  and  75  male  Syrian  hamsters  were  sacrificed  at 
various  intervals  from  1  to  900  days  of  age.  The  oldest  hamsters  were  sacrificed  at  450- 
540  days,  since  too  many  died  after  this  age  from  natural  causes.  Four  rectangular 
strips  of  gingiva,  extending  from  the  first  to  the  third  molar,  including  the  marginal 
gingiva,  were  dissected  from  the  buccal  and  lingual  surfaces  of  the  mandible.  Four 
pieces  of  buccal  and  palatal  gingivae  were  similarly  removed  from  the  upper  jaw.  This 
left  a  strip  2  mm.  in  width  of  palate  mucous  membrane  in  the  mid-line.  A  rectangular 
piece  of  mucous  membrane,  designated  as  the  “palate  cheek  specimen,”  was  dissected 
from  each  cheek  and  the  anterior  portion  of  the  palate.  A  total  of  eleven  specimens  was 
taken  from  each  animal,  and  twenty-five  serial  sections  were  made  from  each.  The  rats 
and  hamsters  were  sacrificed,  either  by  an  overdose  of  ether,  by  intraperitoneal  injec¬ 
tions  of  sodium  nembutal,  or  by  cranial  trauma.  No  differences  resulted  in  the  tissues 
from  the  method  of  sacrificing.  The  tissues  were  fixed  either  in  alcoholic  formalin 
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(AAF)  (85  parts  absolute  alcohol,  S  parts  glacial  acetic  acid,  and  10  parts  40  per  cent 
formaldehyde),  trichloro-acetic  acid  (1  gm.  trichloro-acetic  acid  dissolved  in  100  cc.  of 
80  per  cent  ethanol),  or  10  per  cent  formalin.  No  differences  resulted  in  the  staining 
reactions  from  the  choice  of  fixatives.  All  tissues  were  fixed  for  4  hours  at  4°  C. 
Paraffin  with  a  melting  point  of  56°-58°  C.  was  used  for  imbedding,  and  the  tissues 
were  sectioned  at  a  thickness  of  8  ii.  Keratinization  was  evaluated  in  this  study  by 
Castenfelt’s  criterion,  which  is  based  on  staining  characteristics  of  cytoplasm,  and  by 
cellular  and  nuclear  morphology.  The  following  histochemical  techniques  were  used. 

The  Feulgen  periodic  acid-Schiff  technique*  was  used  to  demonstrate  desoxyribo¬ 
nucleic  acid.  Control  slides  were  incubated  overnight  at  37°  C.  in  0.002  per  cent 
desoxyribonuclease  buffered  with  Sorenson’s  to  pH  6.5.  Ribonucleic  acid  was  demon¬ 
strated  by  using  toluidine  blue.'^  Control  slides  were  incubated  overnight  at  37°  C.  in 
0.1  per  cent  ribonuclease  and  buffered  with  Sorenson’s  to  pH  6.5  or  in  buffer  alone. 

The  hematoxylin  method  of  Jarrett  and  Hardy*  was  employed  as  a  confirmatory 
technique  for  the  presence  of  ribonucleic  and  desoxyrbonucleic  acids,  since  this  pro¬ 
cedure  stains  both  acids,  if  present,  in  the  tissue.  Slides  were  incubated  overnight  at 
37°  C.  with  the  0.05  per  cent  ribonuclease,  buffered  with  Sorenson’s  to  pH  6.5,  or  with 
0.002  per  cent  desoxyribonuclease,  buffered  with  Sorenson’s  to  pH  6.5,  or  in  buffer 
alone. 

The  method  of  Barrnett  and  Seligman^*  was  used  for  disulfide  and  sulfhydryl  locali¬ 
zations.  iV-ethyl  maleimide  was  used  as  a  blocking  agent.  The  method  of  Pearse,^^ 
which  employs  blue  tetrazolium,  was  used  as  a  confirmatory  method  for  disulfide  deter¬ 
mination.  The  brom-phenol  blue  technique  of  Mazia  and  Brewer^^  was  used  for  total 
protein  determination. 


RESULTS 

Sulfhydryl  and  disulfides. — Utilization  of  the  method  of  Barrnett  and  Seligman  in¬ 
volved  the  improvisation  of  a  gradated  color  scale  which  could  be  used  to  determine  the 
degree  of  intensity  of  the  localization  elicited  by  the  binding  capacity  of  the  dye  for  the 
protein  group.  The  colors — ^pale  pink,  light  ( 1 ) ;  strong  pink  and  pale  blue,  moderate 
(2) ;  bluish  pink,  intense  (3) ;  and  blue-bluish  purple,  very  intense  (4) — are  dependent 
on  the  concentration  of  sulfhydryl  and  disulfide  groups  present  in  the  tissue,  or  the 
tetrazolium  monocoupled  or  dicoupled  to  the  reacted  napthol  moieties  of  the  reagent 
(Barrnett).^*' 

At  1  day  of  age  (Fig.  1)  in  the  rat,  the  sulfhydryl  groups  of  the  epithelium  of  the 
oral  mucus  membrane  stain  faintly  in  the  lower  layers  and  more  intensely  in  the 
corneum.  The  staining  of  the  stratum  basale  was  more  pronounced  than  the  prickle-cell 
layer.  Comparison  of  several  sections  stained  by  Feulgen  Schiff  with  those  stained  in 
hematoxylin  and  eosin  showed  the  stratum  corneum  to  be  parakeratotic  ( Fig.  2 ) . 

Between  1  and  8  days  of  age  there  appears  to  be  an  increase  in  reactive  SH  groups  in 
the  stratum  corneum  and  Malpighii  layer,  but  no  extensive  change  was  observed  be¬ 
tween  the  8-day-old  and  54-day-old  rats  (Fig.  3).  A  study  of  tissues  from  800-  to  900- 
day-old  rats  revealed  no  changes  in  the  stratum  Malpighii  as  compared  with  8-day-old 
animals,  but  the  outermost  layers  of  the  corneum  decreased  in  staining  intensity  (Fig. 
4).  A  comparison  of  42-day-old  hamsters  with  the  63-day-old  rats  revealed  similar  dis¬ 
tribution  of  SH  groups  in  the  corneum  and  the  stratum  Malpighii.  The  420-day-old 


Fig.  1. — Upper  jaw  from  1 -day-old  rat  shows  distribution  of  postive  sufhydryl  groups  in  the 
parakeratotic  zone  of  the  stratum  corneum,  with  a  lesser  reaction  in  stratum  Malpighii.  Note  increase 
in  intensity  in  stratum  basale.  This  may  be  associated  with  the  formation  of  the  dental  lamina. 
Barrnett  and  Seligman  method.  X 100. 

Fig.  2.— Feulgen  reaction  for  DNA  in  upper  jaw  of  1-day-old  rat.  Section  taken  from  same  animal 
as  in  Fig.  1.  The  persisting  nuclei  seen  at  the  periphery  are  indicative  of  parakeratosis.  XIOO. 

Fig.  3. — Sulfhydryl  distribution  in  the  palate  of  63 -day-old  rat.  Note  increase  in  intensity  as  com¬ 
pared  with  1  day.  Barrnett  and  Seligman  method.  X 100. 


{Legends  continued  on  next  page.) 
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hamster  showed  no  change  from  the  42-day-old  hamster.  A  study  of  the  7-day-old 
hamster  revealed  no  significant  differences  in  distribution  of  SH  from  that  of  the  42- 
day-old  and  420-day-old  hamsters. 

An  intense  staining  band,  which  is  apparently  similar  to  the  keratogenous  zone  of 
Giroud  in  hard  keratin,  was  found  in  the  corneum  of  rats  and  hamsters,  42  days  and 
older  (Fig.  4).  A  similar  staining  reaction  was  evidenced  in  the  outermost  epithelial 
layer  of  the  1-day  rat.  The  layer  in  the  young  rat  is  comparable  to  the  outermost  layer 
of  the  stratum  Malpighii  of  the  older  animals. 

At  all  ages  studied,  disulfides  were  found  to  be  present  throughout  all  layers  of  the 
epithelium,  being  more  pronounced  in  the  corneum  than  in  the  deeper  strata.  No  dif¬ 
ferences  were  evident  between  rats  and  hamsters. 

The  nucleus,  as  well  as  the  cytoplasm  of  the  cells  in  the  basal  layer  and  stratum 
spinosum,  contained  granules,  which  appeared  to  be  reactive  for  disulfide.  A  granular 
sulfhydryl  reaction  was  also  present  in  the  nucleus,  while  the  cytoplasm  appeared 
homogenous. 

A  positive  reaction  for  disulfides  was  observed  for  the  intercellular  material.  In 
using  the  Barrnett  and  Seligman  technique  for  combined  SH  and  SS,  a  moderate  reac¬ 
tion  was  noted  in  the  lower  layers  of  the  stratum  Malpighii  and  a  more  intense  reaction 
in  the  corneum  (Figs.  5,  6).  These  findings  were  for  both  the  rat  and  the  hamster. 
There  were  no  alterations  in  the  staining  reaction  in  different  parts  of  the  oral  mucous 
membrane  (Fig.  7). 

Pearse’s  blue  tetrazolium  technique  was  used  as  a  confirmatory  method  for  disul¬ 
fides.  Granules  were  found  to  be  present  in  all  the  cells  of  the  basal  and  spinosum 
layers,  being  more  intensely  deposited  in  the  basal-cell  layer.  A  weak  disulfide  reaction 
was  found  in  the  Malpighii  layer,  with  intensification  in  the  corneum  (Figs.  8,  9).  The 
staining  reaction  was  similar  in  the  various  regons  of  the  oral  mucous  membrane  (Fig. 
10). 

The  intercellular  cement  had  a  clearly  positive  reaction  for  both  sulfhydryls  and 
disulfides  at  all  ages  except  in  the  1-day-old  animal,  where  this  reaction  was  less  distinct. 

It  was  observed  that  the  intercellular  cement  stained  more  distinctly  for  sulfhydryls 
and  disulfides  in  the  upper  layers  of  the  stratum  spinosum  than  in  the  remaining  layers 
of  the  stratum  Malpighii. 

Sulfhydryls  were  found  to  be  present  in  the  tunica  propria  of  both  rats  and  ham¬ 
sters.  Although  the  entire  tunica  propria  of  the  older  animals  seemed  to  stain  slightly 
darker  than  the  younger,  the  difference  was  insufficient  to  warrant  the  conclusion  that 
an  age  change  existed.  The  undifferentiated  (mesenchymal)  cells  of  the  1 -day-old  ani¬ 
mal  demonstrated  an  exceedingly  strong  staining  reaction  (Fig.  1 ),  while  the  fibroblasts 
in  the  older  animals  showed  more  variations. 

The  intercellular  cement  of  the  epithelium  stained  more  darkly  than  the  ground  sub¬ 
stance  of  the  connective  tissue.  This  indicates  that  there  are  fewer  reactive  sulfhydryl 


Fic.  4. — Distribution  of  SH  groups  in  palate  of  8S0-day-old  rat.  Note  intense  stain  in  the  keratoge¬ 
nous  zone  and  decreased  reaction  in  the  outer  keratin  layers.  Barrnett  and  Seligman.  X 100. 

Fig.  S. — Combined  SH  and  SS  groups  in  upper  jaw  of  1-day-old  rat.  Note  staining  reaction  sim¬ 
ilar  to  that  in  Fig.  1.  Barrnett  and  Seligman.  X 100. 

Fig.  6. — Combined  SH  and  SS  groups  in  palate  of  63-day-old  rat.  Note  that  staining  reaction  is 
similar  to  that  in  Fig.  3.  Barrnett  and  Seligman.  XIOO. 

Fig.  7. — Combined  SH  and  SS  groups  in  lower  lingual  gingiva  of  S4-day-old  rat.  The  distribution 
is  the  same  as  that  observed  in  the  palate.  Barrnett  and  Seligman.  XIOO. 
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and  disulfide  groups  in  the  ground  substance  of  the  tunica  propria  than  in  the  inter¬ 
cellular  cement  of  the  epithelium. 

In  the  combined  sulfhydryl  and  disulfide  stain  of  Barrnett  and  Seligman  the  tunica 
propria  of  the  1 -day-old  animal  was  found  to  be  weakly  positive,  but  still  lighter- 
staining  than  the  epitheium.  Some  fibroblasts  were  weakly  stained. 

Total  protein. — Protein,  as  shown  by  the  brom-phenol  blue  technique  (Mazia  et  al.) 
was  normally  found  to  be  present  in  the  epithelium  in  all  tissues  studied.  The  most  in¬ 
tense  staining  was  found  to  be  present  in  the  outer  parakeratotic  layer  of  the  1-day 
animal  (Fig.  11)  and  in  the  stratum  corneum  of  older  animals  (Fig.  12).  Between  1 
and  8  days  of  age  there  was  an  increase  in  the  intensity  of  the  reaction  in  the  stratum 
Malpighii.  There  were  no  further  changes  which  could  be  associated  with  aging  (Fig. 
12). 

The  intercellular  material  reacted  strongly  but  no  age  changes  were  noticeable. 
Examination  of  the  cell  borders  under  oil  immersion  revealed  that  this  staining  reac¬ 
tion  was  due,  at  least  in  part,  to  the  positive  reaction  of  desmosomes. 

Brom-phenol  blue  stained  the  tunica  propria  slightly  more  heavily  in  the  older  ani¬ 
mal  than  in  the  younger,  but  comparatively  more  lightly  than  the  staining  reaction  of 
the  epithelium.  Fibroblasts  stained  only  slightly. 

Desoxyribonucleic  acid. — Desoxyribonucleic  acid  was  present  in  similar  amounts  at 
all  ages  studied  and  was  distributed  throughout  all  layers  of  the  epitheium,  decreasing 
as  the  surface  layers  were  approached.  This  was  detected  by  the  Feulgen  reaction 
(Figs.  13,  14)  and  the  Harris  hematoxylin  method  of  Jarrett.  The  presence  of  the  acid 
was  confirmed  by  its  removal  in  control  slides  by  incubation  in  desoxyribonuclease.  In 
the  1 -day-old  rat,  the  nuclei  in  the  basal  cells  and  in  the  lower  two  or  three  layers  of 
the  spinosum  stained  strongly  with  the  Feulgen  reaction.  Even  the  flattened,  desiccated 
cells  of  the  surface  layer  had  strongly  reactive,  though  flattened,  nuclei.  In  all  but  the 
immature  animals  the  outermost  layers  of  the  epithelium  lack  nuclei  and  appeared  well 
keratinized.  A  decrease  in  the  intensity  of  the  staining  of  the  nuclei  from  the  basalis 
layer  to  the  Malpighii  was  observed,  followed  by  an  increase  in  the  intensity  of  the 
stain  in  the  flattened  corneal  cells.  Figures  15  and  16  are  serial  sections  from  the  same 
tissue,  with  the  latter  showing  the  staining  reaction  for  disulfides  in  the  surface  para¬ 
keratotic  zone. 

Ribonucleic  acid. — Ribonucleic  acid  was  found  to  be  present  predominantly  in  the 
basal-cell  layer  of  the  epithelium.  The  intensity  of  the  staining  reaction  decreased  as 
the  corneum  was  approached.  The  distribution  appeared  to  be  the  same  throughout  all 
the  tissues  studied,  regardless  of  age  or  region  (Figs.  17-20).  The  toluidine  blue  method 
of  Brachet  and  the  Harris  hematoxylin  method  of  Jarrett  were  employed  in  this  study. 
Existence  of  the  acid  was  determined  by  treatment  of  control  slides  with  ribonuclease 
prior  to  staining.  The  results  of  the  histochemical  tests  are  summarized  in  Table  1. 

DISCUSSION 

The  histochemical  entities  under  consideration  failed  to  reveal  profound  alterations 
which  could  be  associated  with  the  aging  process.  However,  changes  assumed  to  be 
developmental  were  present  between  1-  and  8-day-old  animals.  It  is  possible  that  tran¬ 
sient  cyclic  or  metabolic  changes  may  exceed  changes  which  might  be  attributed  to 
aging.  Another  possibility  is  that  the  substances  which  were  stained  are  of  such  impor- 


Fig.  8. — SS  groups  in  lower  jaw  of  a  1-day-old  rat,  utilizing  blue  tetrazolium  after  the  method  of 
Pearse.  Note  intense  stain  in  corneum.  X 100. 

Fig.  9. — Lingual  gingiva  of  800-day-old  rat,  demonstrating  SS  groups  in  keratin  and  in  basal  cells 
of  stratum  Malpighii.  Pearse.  X 100. 

Fig.  10. — Palate  gingiva  of  800-day-old  rat  stained  for  SS  after  the  method  of  Pearse.  Note  that 
distribution  is  the  same  as  that  found  in  the  lower  lingual  gingiva.  X 100. 

Fig.  11. — Localization  of  total  protein  in  the  upper  jaw  of  1-day-old  rat.  Note  that  the  parakeratotic 
epithelium  stains  more  heavily  than  the  stratum  Malpighii  and  the  epithelium  stains  more  heavily 
than  the  tunica  propria.  Mazia  and  Brewer  stain.  X  100. 

Fig.  12. — Total  protein  demonstrated  in  the  palate  of  8S0-day-old  rat.  Note  that  stratum  corneum 
stains  more  heavily  than  the  remainder  of  the  epithelium.  Mazia  and  Brewer  stain.  X  100. 

Fig.  13. — Feulgen  reaction  for  DNA  in  palate  cheek  of  S4-day-old  hamster.  Note  that  corneal  cells 
are  stained  as  intensely  as  the  basal  cells.  X300. 

Fig.  14. — Same  reaction  in  palate  cheek  of  540-day-old  hamster.  Note  that  the  flattened  corneal 
cells  are  as  intensely  stained  as  basal  cells.  Feulgen.  X300. 


Fig.  is. — One-day-old  rat  upper  jaw  stained  for  DNA  by  the  Feulgen  technique.  Note  the  flattened 
cells  at  periphery  of  epithelium  indicative  of  parakeratosis.  X300. 

Fig.  16.— One-day-old  rat  upper  jaw  stained  for  SS  with  blue  tetrazolium  by  the  method  of  Pearse. 
Note  that  a  comparison  with  the  previous  figure  demonstrates  the  presence  of  SS  groups  in  the  area 
of  the  parakeratotic  zone.  X3(X). 

Fig.  17. — Sagittal  seotion  of  palate  of  S4-day-old  hamster,  showing  decreased  concentrations  of 
RNA  in  the  periphery  of  the  epithelium.  Toluidine  blue.  X  100. 

Fig.  18. — Lingual  gingiva  of  4S0-day-old  hamster,  showing  distribution  of  RNA.  Toluidine  blue. 
XIOO. 

Fig.  19. — Cross-section  of  1-day-old  rat  upper  jaw,  showing  distribution  of  RNA.  Toluidine  blue. 
XIOO. 

Fig.  20. — Palate  cheek  of  8S0-day-old  rat,  showing  distribution  of  RNA.  Toluidine  blue.  XIOO. 
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tance  to  cellular  vitality  that  no  change  can  occur  in  life.  A  third  possibility  is  that 
these  techniques  are  not  sufficiently  refined  to  discern  subtle  alterations  which  may  be 
associated  with  aging. 

The  outermost  epithelial  layer  of  the  mucous  membrane  of  the  1-day  animals  was 
strongly  reactive  for  SH,  SS,  and  protein  groups.  Examination  of  Feulgen  sections  re¬ 
vealed  the  presence  of  DNA  in  these  cells.  This  would  indicate  that  this  area  is  not  a 
true  keratinized  layer  but  rather  parakeratotic.  Examinations  of  sections  of  older  ani¬ 
mals  were  suggestive  of  a  decrease  in  protein  in  the  most  peripheral  layers  of  the 


TABLE  1* 

Distribution  of  Histochemical  Substances  in  Oral  Mucous  Membrane 
OF  Rodents  and  Comfariso.n  between  1  and  860  Days  of  Age 


Substance 

DNA 

R.NA 

SH 

SS 

Protein 

Age 

Keratin . 

0 

0 

-l-f-l-l- 

-I-T  +  -1- 

-1-1-1- 

860  days  (absent  in 
1  day) 

Prekeral  in . 

-n-f-l- 

+ 

-l-l- 

+++  + 

-f -f-l-l- 

1  day  and  860  days 

Malpig.  upper . 

+++ 

-1-  + 

-l-l- 

+ 

-f 

860  days  (absent  in 
1  day) 

Mal|)ig.  layer  lower . . 

-l-l-l- 

-f-l-l- 

-f-l- 

-1- 

-f 

1  day  and  860  days 

Basal  layer . 

-l-l-l-l- 

+  + 

-1- 

-f 

1  day  and  860  days 

*  +  +  +  +  =  strongly  positive;  +  +  +  =  moderately  to  strong;  ++  =  weak  to  moderate;  +  *  weak;  0  =  negative. 


TABLE  2* 

Differences  between  Intercellular  Cement  Substance 
OF  Oral  Mucous  Membrane 


Method  cf  Staining 

Intercellular 
Substance  of 
Epithelium 

Ground  Sub¬ 
stance  of 
Connective 
•  Tissue 

Barrnett  and  Seligman  for  SH . 

+  +  + 

+ 

Barrnett  and  Seligman  for  SS . 

-f-f-f 

+ 

Mazia  and  Brewer  brom-phenol  blue  for 

total  protein . 

-f-f-f 

+ 

♦Strongly  positive,  +  ++:  moderately  positive,  ++;  weakly  positive,  -F; 
negative,  0. 


corenum,  although  the  SH  and  SS  groups  remained  the  same.  Corresponding  sections 
stained  by  the  Feulgen  method  showed  that  there  was  no  DNA  present  peripheral  to 
the  prekeratin  layer,  indicating  that  the  superficial  layers  were  completely  keratinized. 
This  would  seem  to  indicate  that  the  peripheral  layer  of  the  1 -day-old  animal  corre¬ 
sponded  to  the  keratogenous  zone  of  Giroud.^* 

According  to  the  observations  presented,  there  appears  to  be  some  indication  of  dif¬ 
ferences  between  the  epithelial  intercellular  material  and  connective  tissue  ground  sub¬ 
stance  (Table  2).  Results  of  the  brom-phenol  blue,  sufhydryl,  and  disulfide  reaction  of 
Barrnett  and  Seligman  and  disulfides  as  stained  by  the  blue  tetrazolium  method  revealed 
a  strongly  positive  reaction  in  the  area  believed  to  be  intercellular  cement,  with  a 
weak  reaction  in  the  ground  substance.  The  weak  reaction  of  sulfhydryls  in  the  tunica 
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propria  is  in  agreement  with  Turesky  and  Glickman,  in  that  they  find  a  light  reaction 
for  sulfhydryls  in  the  tunica  propria  and  a  stronger  reaction  in  the  fibroblasts. 

These  differences  with  the  various  stains  suggest  differences  related  to  the  keratini- 
zation  process,  for  the  positive  staining  reactions  in  the  intercellular  cement  were 
similar  to  those  found  in  the  keratin  and  prekeratin  layers.  Apparently,  the  inter¬ 
cellular  cement  has  more  reactive  proteins,  which  probably  contain  more  cystine  and 
cysteine  than  does  the  connective  tissue  ground  substance. 

Dewar  reported  no  change  in  the  DNA  content  of  th?  gingiva  associated  with  in¬ 
flammation.  Homogenate  studies  by  Falzone  and  Shock^*^  revealed  no  change  in  DNA 
content  with  age.  The  staining  reaction  for  DNA  in  this  investigation  displayed  small 
variations  in  intensity  as  the  superficial  layers  were  approached.  The  parakeratotic 
zone  of  the  1 -day-old  animal  was  intensely  stained  for  DNA,  being  slightly  heavier 
than  the  intensity  of  the  stain  exhibited  in  the  basal  layer.  The  keratinized  layer  in  the 
adult  was  negative  for  DNA.  Montagna  et  reported  that  DNA  decreased  in  in¬ 
tensity  as  the  surface  epithelium  of  skin  was  approached.  In  this  investigation,  a 
change  in  shape  of  the  cells  to  a  more  flattened  configuration  was  evident,  but  there 
was  little  difference  in  the  intensity  of  the  stain  of  the  entire  epithelium.  The  decrease  in 
RNA  in  the  cytoplasm  in  the  cornified  layers  can  be  compared  with  the  increase  in 
protein,  SH,  and  SS  reactive  groups  in  this  region.  It  api>ears  that  the  RNA  synthesis 
precedes  that  of  protein,  for  when  there  is  high  concentration  of  protein  in  the  corneal 
layer,  there  is  a  diminution  in  the  amount  of  RNA  present.  These  results  are  in  agree¬ 
ment  with  Korning,^®  who  demonstrated  this  relationship  of  proteins  and  RNA  in  wing 
feathers. 


SUMMARY  AND  CONCLUSIONS 

The  concentration  of  sulfhydryl,  disulfide,  and  total  protein  does  not  appear  to  be 
altered  by  the  aging  process  in  the  oral  mucous  membrane  of  rats  and  hamsters. 

An  area  beneath  the  corneum  stained  intensely  for  sulfhydryls  in  the  older  animals. 
This  area  is  apparently  identical  with  the  keratogenous  zone  of  Giroud. 

Desoxyribonucleic  acid  and  ribonucleic  acid  in  the  oral  mucous  membranes  of 
rodents  does  not  vary  with  increasing  age. 

A  decrease  in  the  intensity  of  the  Feulgen  staining  of  the  nuclei  from  the  basali  to 
the  more  superficial  layer  of  the  epithelium  was  observed,  followed  by  an  increase  in 
the  intensity  of  the  stain  in  the  flattened  corneal  cells. 

The  staining  reaction  for  ribonucleic  acid  decreases  in  intensity  from  the  basal  layer 
of  the  epithelium  to  the  stratum  corneum. 

Differences  were  detected  between  the  intercellular  cement  substance  of  the  epithe¬ 
lium  and  the  connective  tissue  ground  substance.  A  strong  reaction  was  found  in  the 
intercellular  substance  for  protein,  sulfhydryls,  and  disulfides,  in  contrast  to  the  weak 
reaction  in  the  ground  substance. 

The  parakeratotic  zone  of  the  1-day-old  animals  stained  identically  with  the  kerati¬ 
nized  area  of  the  older  animals  for  SH,  SS,  and  protein  groups.  It  is  therefore  suggested 
that  an  alteration  in  protein  groups,  other  than  SH  and  SS,  are  involved  in  the  trans¬ 
formation  of  parakeratotic  to  completely  keratinized  tissue. 
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Studies  on  the  Antibacterial  Action  of  Human  Saliva 
II.  Observations  on  the  Mode  of  Action  of  a 
Lactobacillus  Bactericidin 


BERNARD  J.  ZELDOW 

Department  of  Periodontics  and  Endodontics,  Division  of  Research, 
University  of  Washington,  School  of  Dentistry,  Seattle 


In  previous  communications,  Zeldow’-  ^  described  a  lactobacillus  bactericidin  found  in 
pure  parotid  and  submaxillary  saliva.  This  factor  required  a  dialyzable  heat-stable  co¬ 
factor  for  its  activity.  The  non-dialyzable  fraction  was  moderately  stable  over  a  wide 
range  of  pH,  with  maximum  stability  at  pH  5. 5.  It  appeared  to  be  an  endogenous 
product  of  the  glands.  Kerr  and  Wedderburn’  also  described  an  antibacterial  system 
of  saliva  which  appeared  to  be  identical  with  this  antilactobacillus  system. 

MATERIALS  AND  METHODS 

Unless  specified  otherwise,  the  following  materials  and  procedure  were  used. 

Saliva. — Human  parotid  saliva  was  used  in  this  investigation.  Before  application  of 
the  sterile  collector,^  1  per  cent  tincture  of  iodine  and  70  per  cent  alcohol  were  applied 
to  the  mucosa  surrounding  Stensen’s  duct.  All  specimens  were  stored  at  — 30°  C.  until 
used. 

Before  use,  the  specimens  were  defrosted,  passed  through  a  Swinney  filter,  and  the  first 
1-ml.  aliquot  discarded.  The  remaining  sterile  saliva  was  employed  in  the  experiments, 
since  it  has  been  demonstrated  to  contain  the  same  bactericidin  titer  as  an  unfiltered  con¬ 
trol  saliva.^ 

Bactericidin  assay  method. — Lactobacillus  acidophilus  ATCC  4357  was  used  as  the 
assay  organism.  The  organism  was  maintained  by  subculture  in  Lactobacillus  Selective 
Broth  (LBS).*  The  technique  employed  for  the  quantitative  measurement  of  salivary 
bactericidin  has  been  given  in  a  preceding  publication.^  For  quantitative  comparison, 
bactericidal  activity  is  expressed  in  units.  One  unit  is  defined  as  the  minimum  amount 
of  bactericidin  present  in  0.5  ml.  of  the  dilution  of  saliva  which  will  inhibit  the  growth 
of  the  bacteria  contained  in  the  0.1  ml.  of  inoculum  added. 

Bactericidal  tests. — The  bactericidal  effect  of  the  lactobacillus  bactericidin  was 
was  examined  in  the  following  media: 

1.  Medium  I:  LBS  broth  pH  5.5. 
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2.  Medium  II:  Medium  I  depleted  by  growing  the  organism  in  the  broth  at  37°  C. 
for  24  hours  and  then  separating  them  by  centrifugation.  This  was  repeated  until 
the  medium  supported  no  further  multiplication  as  indicated  by  turbidimetric  and 
plating  methods.  After  separation  of  the  cells,  the  pH  was  readjusted  to  5.5  and 
sterilized  at  118°  C.  for  15  minutes. 

3.  Medium  III:  Medium  II  reconstituted  by  the  addition  of  20  gm.  of  glucose  to 
each  liter.  The  medium  was  then  sterilized  by  filtration  through  a  Seitz  filter. 

j  Log  phase  cells  of  the  test  organism  were  harvested  from  a  24-hour  culture  grown 
in  Medium  I  and  standardized  in  distilled  water  to  contain  approximately  3  X  10^ 
organisms  per  milliliter.  Two  ml.  of  sterile  saliva,  1.8  ml.  of  medium,  and  0.2  ml.  of 
I  cell  susp)ension  were  immediately  mixed  and  incubated  in  a  37°  C.  water  bath.  At 
various  time  intervals  the  number  of  viable  cells  was  determined  by  the  plate  count 
I  method.  Lactobacillus  Selective  agar  was  used  for  plating,  and  the  number  of  colonies 

[  was  counted  after  incubation  at  37°  C.  for  48-96  hours.  All  counts  were  in  duplicate. 

In  all  experiments,  cultures  of  organisms,  which  had  not  been  exposed  to  saliva  but 
were  otherwise  treated  in  the  same  manner  served  as  controls. 

Adsorption  technique. — A  suspension  of  the  test  organism  containing  approximately 
4  X  10”  test  cells  per  milliliter  was  prepared  in  Medium  I.  Five  ml.  of  this  suspension 
were  incubated  at  37°  C.  for  24  hours  with  5  ml.  of  parotid  saliva  on  a  slowly  rotating 
platform.  Following  this,  the  suspension  was  centrifuged  and  the  supernate  passed 
through  a  Swinney  filter.  The  first  milliliter  of  filtrate  was  discarded,  and  determination 
of  the  lactobacillus  bactericidin  was  carried  out  on  the  remaining  aliquot.  A  control  was 
treated  identically  except  that  the  organisms  were  not  included  in  the  broth  which 
was  incubated  with  the  saliva. 

Dialysis. — One  volume  of  saliva  was  dialyzed  against  15  volumes  of  deionized  water 
at  4°  C.  for  24  hours. 

Staining. — Both  the  Gram  stain  and  the  Chance  cell-wall  stain®  were  used  to  deter¬ 
mine  any  alteration  in  staining  capacity  or  morphology. 

RESULTS 

I  The  effect  of  saliva  on  growing  cells. — Typical  results  demonstrating  the  bactericidal 
effect  of  the  saliva  on  L.  acidophilus  growing  in  Medium  I  are  shown  in  Figure  1. 
In  the  presence  of  saliva,  the  organisms  rapidly  lost  their  viability  after  an  initial 
period  of  multiplication  amounting  to  one  or  two  generations.  These  results  suggested 
that  the  lactobacillus  bactericidin  is  fully  effective  only  against  multiplying  cells. 

The  effect  of  saliva  on  resting  cells. — Temperature  was  used  as  a  means  of  control¬ 
ling  the  rate  of  multiplication  of  the  organism  in  the  presence  and  absence  of  saliva 
in  Medium  I.  The  results  of  these  experiments  are  shown  in  Table  1.  At  10°  C.  there 
was  no  discernible  multiplication  in  the  control  culture,  nor  was  there  any  noxious 
effect  of  saliva  on  the  experimental  cultures.  At  27°  and  47°  C.,  multiplication  oc¬ 
curred  at  a  moderate  rate,  and  the  salivary  factor  likewise  showed  moderate  anti¬ 
bacterial  activity.  At  37°  C.  multiplication  was  rapid,  and  the  antibacterial  action 
of  the  lactobacillus  bactericidin  was  marked.  As  the  rate  of  multiplication  increased 
with  temperature,  the  saliva  exerted  a  proportionately  increased  killing  effect.  Thus, 
while  37°  C.  appeared  to  be  the  optimum  growth  temperature,  it  was  also  the  tem¬ 
perature  at  which  maximum  killing  occurred. 


Time  In  hrs. 

Fig.  1. — ^V'iable  cell  counts  of  cultures  of  L.  acidophilus  ATCC  43S7  with  and  without  parotid  saliva 


TABLE  1 

Effect  of  Temperature  on  the  Viable  Count  of  Lactobacillus 
acidophilus  ATCC  4357  INCUBATED  WITH  AND 
WITHOUT  Parotid  Saliva 
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Another  means  of  arresting  the  growth  of  the  assay  organism  was  necessary.  A 
medium  in  which  the  assay  organisms  could  be  maintained  in  a  resting  state,  i.e.,  with¬ 
out  appreciable  multiplication  or  death,  was  sought.  Distilled  water,  saline,  Mcllvane’s 
and  Sorensen’s  buffers  failed,  as  the  organisms  did  not  survive  long  in  these  solutions. 
However,  Medium  II  served  this  purpose  well. 

The  effect  of  the  saliva  on  resting  organisms  in  Medium  II  is  shown  in  Figure  2. 
It  is  evident  that  in  this  medium  the  saliva  containing  the  lactobacillus  bactericidin 
did  not  exert  any  appreciable  killing  of  the  cells.  However,  in  growth  supporting 
Medium  III,  the  saliva  exerted  a  killing  effect  similar  to  that  previously  observed  in 
Medium  I. 


Fig.  2. — Viable  cell  counts  of  resting  and  growing  L.  acidophilus  ATCC  4357  with  and  without  saliva 

The  effect  of  bactericidin  concentration. — The  effect  of  various  concentrations  of 
the  bactericidin  on  the  assay  organism  is  summarized  in  Figure  3.  Curve  II  character¬ 
izes  the  growth  of  the  organism  in  the  presence  of  1-32  units  of  salivary  lactobacillus 
bactericidin.  A  temporary  method  of  multiplication  followed  by  rapid  death  again 
becomes  apparent.  In  the  range  of  1-32  units  of  lactobacillus  bactericidin  per  milli¬ 
liter  of  saliva,  the  same  pattern  of  lethal  action  on  the  organism  was  observed.  There 
was  no  appreciable  difference  in  the  rate  of  killing  within  this  range  of  concentration 
of  the  factor.  Curve  III  demonstrates  the  activity  of  a  one-half  unit  of  lactobacillus 
bactericidin.  After  an  initial  period  of  rapid  multiplication,  the  growth  rate  apparently 
became  slowed,  which  was  presumed  to  represent  a  period  of  bacteriostasis.  This  was 
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followed  by  the  resumption  of  the  initial  rate  of  multiplication,  which  continued  until 
the  total  number  of  organisms  approximated  that  of  the  control  at  the  end  of  24 
hours.  Curve  IV  demonstrates  the  activity  of  one-quarter  unit  of  the  bactericidin. 
This  curve  simulated  the  control  without  saliva.  The  amount  of  bactericidin  is  appar¬ 
ently  insufficient  to  exert  any  inimical  effect  on  the  growth  of  the  susceptible  organism. 

The  effect  of  dialyzing  the  saliva. — Dialyzed  saliva  has  been  shown  by  the  quanti¬ 
tative  assay  method  to  lose  its  lactobacillus  bactericidin  activity.^  Figure  4  dem- 


Fig.  3. — Viable  cell  counts  of  cultures  of  L.  acidophilus  ATCC  4357  with  varying  concentrations 
of  parotid  saliva. 

onstrates  the  effect  of  the  dialyzed  saliva  on  the  population  of  viable  cells  in  the 
culture.  With  the  exception  of  an  initial  slower  rate  of  multiplication,  the  growth  curve 
of  organisms  in  the  presence  of  dialyzed  parotid  saliva  is  similar  to  the  control  curve 
without  saliva. 

The  effect  of  adsorption. — No  diminution  in  the  amount  of  lactobacillus  bactericidin 
activity  was  noted  in  the  saliva  after  incubation  with  viable  sensitive  cells.  As  com¬ 
pared  with  the  control  saliva,  the  saliva  exposed  to  the  assay  organism  for  24  hours 
demonstrated  equal  lactobacillus  bactericidin  activity  per  milliliter. 

Staining  and  morphologic  changes. — After  exposure  to  the  saliva,  the  organisms  did 
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not  appear  to  change  morphologically,  nor  was  the  Gram  reaction  altered.  Moreover, 
the  Chance  cell-wall  stain  did  not  reveal  any  changes. 

DISCUSSION 

Death  of  bacteria  due  to  “unbalanced  growth”  is  attributed  to  the  limited  impair¬ 
ment  of  certain  biochemical  processes.  Other  unrelated  reactions  function  normally. 
Cohen  and  Barner**  assigned  the  death  of  a  thymine-requiring  mutant  of  E.  colt  to 
unbalanced  growth  when  placed  in  a  complete  medium  except  for  the  omission  of 


Fig.  4. — Comparison  of  the  effect  of  dialyzed  and  non-dialyzed  parotid  saliva  on  the  cell  count  of 
cultures  of  L.  acidophilus  ATCC  4357. 

thymine.  Following  a  temporary  increase  in  the  number  of  viable  cells,  death  of  the 
organisms  occurred  during  a  period  in  which  the  cells  were  observed  to  synthesize  all 
their  constituents  with  the  exception  of  deoxyribonucleic  acid.  Other  examples  of 
unbalanced  growth  appear  in  the  literature.^’  * 

In  the  present  investigations,  death  of  the  sensitive  organism  in  the  presence  of 
lactobacillus  bactericidin  also  followed  an  initial  temporary  period  of  multiplication. 
Such  a  sequence  was  highly  suggestive  of  unbalanced  growth  in  which  an  essential 
biochemical  reaction  is  impaired.  In  accord  with  previous  findings,  it  was  to  be  ex¬ 
pected  that  if  the  lethal  action  of  the  lactobacillus  bactericidin  is  truly  due  to  un¬ 
balanced  growth,  the  agent  should  not  exert  an  inimical  effect  on  resting  cells.  Such 
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were  the  findings  demonstrated  in  systems  in  which  growth  was  suppressed  either  by 
unfavorable  temperature  or  by  the  use  of  depleted  medium.  However,  in  the  former 
experiment  in  which  it  was  shown  that  maximum  killing  occurred  at  the  optimum 
growth  temperature,  another  interpretation  can  be  justly  made.  It  is  possible  that  if 
the  antibacterial  agent  is  an  enzyme,  the  temperature  of  its  maximum  activity  may 
be  nearly  identical  with  the  c^timum  temperature  for  the  growth  of  the  culture.  It 
was  necessary,  therefore,  to  test  the  effect  of  the  saliva  on  organisms  held  in  a  resting 
state  by  some  other  method.  Depleted  media  served  this  purpose  well,  wherein  it  was 
shown  that  the  salivary  factor  exerted  no  apparent  killing  effect  on  the  organisms. 
Moreover,  when  this  was  controlled  by  reconstituting  the  medium  by  the  addition  of 
glucose,  the  growth  of  the  organisms  and  the  action  of  the  antibacterial  agent  were 
similar  to  the  results  observed  in  the  complete  medium. 

The  results  indicate  that  the  salivary  lactobacillus  bactericidin  exerts  a  lethal  effect 
on  sensitive  cells  only  when  they  are  growing.  The  action  of  this  salivary  component 
upon  non-dividing  organisms,  on  the  other  hand,  was  without  obvious  effect.  In  this 
respect,  the  mode  of  action  of  this  antibacterial  factor  is  similar  to  other  antibacterial 
agents,  such  as  penicillin,  spermine,  and  polylysine.®~^^  Although  death  due  to  lacto¬ 
bacillus  bactericidin  apparently  results  from  unbalanced  growth,  no  evidence  is  pre¬ 
sented  suggesting  what  the  basic  biochemical  impairment  may  be. 

Salivary  antilactobacillus  systems  with  different  physical  properties  have  been  re¬ 
ported  in  the  literature.^-'  The  presence  of  more  than  one  lactobacillus  bactericidin 
in  the  saliva  is  a  distinct  possibility.  Continued  studies  should  be  done  to  clarify  this 
problem. 

It  has  been  shown  that  a  minimum  amount  of  lactobacillus  bactericidin  is  necessary 
for  lethal  action.  Under  natural  conditions,  saliva  bathes  the  oral  mucosa  as  a  thin 
film,  and  it  is  possible  that  sufficient  concentrations  of  the  factor  are  not  present  to 
have  a  detrimental  effect  on  susceptible  micro-organisms.  However,  Williams  and 
Powlen,^'*  using  a  roller-tube  technique  to  simulate  the  in  vivo  condition,  reported  that 
Lactobacillus,  as  well  as  other  micro-organisms,  was  unable  to  survive  and  multiply 
in  sterile  parotid  saliva. 

It  has  been  established  that  the  oral  microbial  flora  is  relatively  characteristic  for 
an  individual.^®'  It  is  postulated  that  salivary  antibacterial  systems  such  as  the  one 
described  in  the  present  investigation  may  contribute  to  the  regulation  of  the  oral 
flora  and  play  an  important  part  in  the  natural  defense  mechanisms  of  the  oral  cavity. 
Since  this  agent  probably  represents  only  one  of  a  large  number  of  factors  contrib¬ 
uting  to  the  antimicrobial  defense  system  of  the  oral  cavity,  allied  mechanisms  must 
not  be  overlooked. 


SUMMARY 

Some  basic  observations  on  the  mode  of  action  of  a  salivary  lactobacillus  bactericidin 
were  made. 

The  lethal  effect  of  this  agent  on  actively  multiplying  L.  acidophilus  ATCC  4357 
is  apparently  due  to  unbalanced  growth.  This  was  supported  by  the  observations  that 
killing  of  the  organism  was  not  accomplished  by  the  saliva  until  an  initial  period  of 
multiplication  had  occurred  and  that  the  antibacterial  factor  was  without  effect  on 
resting  organisms. 
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The  minimal  bactericidal  concentration  of  the  lactobacillus  bactericidin  was  1  unit 
per  milliliter.  One-half  unit  per  milliliter  showed  temporary  stasis,  whereas  one- 
quarter  unit  per  milliliter  showed  no  inhibitory  effect. 

The  bactericidin  apparently  does  not  alter  the  morphology  or  Gram  reaction  of  the 
organism.  It  is  not  adsorbed  by  the  organism. 

The  author  wishes  to  thank  Dr.  Howard  C.  Douglas  and  Dr.  Russell  S.  Weiser  for  their  many  help¬ 
ful  suggestions  in  the  preparation  of  this  text.  The  technical  assistance  of  Mr.  Nelson  Hill  is  grate¬ 
fully  acknowledged. 
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Studies  on  the  Amino  Acid  Decarboxylases 
of  Oral  Lactobacilli 


WILLIAM  R.  BIBB  and  W.  R.  STRAVGHN 

Department  of  Bacteriology  and  Immunology,  School  of  Medicine,  University 
of  North  Carolina,  Chapel  Hill 

The  first  complete  study  of  the  occurrence  and  distribution  of  the  bacterial  amino  acid 
decarboxylases  was  carried  out  by  Gale^-  “  and  Gale  and  Epps,"*  primarily  with  strains 
of  Escherichia  coli  and  Clostridium  perjringens.  However,  strains  of  the  genus  Lacto¬ 
bacillus  were  not  included.  Lagerborg  and  Clapper^  published  the  first  study  of  amino 
acid  decarboxylases  in  oral  lactobacilli.  Of  the  33  strains  of  oral  lactobacilli  tested, 
12  had  the  ability  to  produce  carbon  dioxide  from  arginine,  3  from  glutamic  acid, 

3  from  tyrosine,  1  from  histidine,  and  1  from  ornithine.  Tests  of  the  reaction  products 
of  one  of  the  strains  producing  carbon  dioxide  from  arginine  indicated  the  presence 
of  ammonia.  For  this  reason  they  believed  that  the  enzyme  acting  on  arginine  was  a 
“dihydrolase.”  They  also  felt  that  all  the  strains  of  lactobacilli  tested  were  devoid  of 
true  arginine  decarboxylase. 

Arginine  “dihydrolase”  comprises  two  enzyme  systems  which  catalyze  the  metab¬ 
olism  of  arginine  with  the  liberation  of  2  moles  of  ammonia  and  1  mole  each  of  carbon 
dioxide  and  ornithine  per  mole  of  arginine.''’'  '*  The  name  “arginine  desimidase”  was 
proposed  for  the  enzyme  catalyzing  the  breakdown  of  arginine  to  citrulline  and  ammo¬ 
nia.®  “Citrulline  ureidase”  was  proposed  for  the  enzyme  system  catalyzing  the 
breakdown  of  citrulline  to  ammonia,  carbon  dioxide,  and  ornithine.' 

The  present  study  was  designed  to  investigate  the  distribution  of  amino  acid  de¬ 
carboxylases  among  58  recently  isolated  strains  of  oral  lactobacilli  and  to  determine 
the  optimum  conditions  for  the  formation  of  these  enzymes.  Some  of  the  factors  affect¬ 
ing  their  activity  were  investigated.  An  attempt  was  also  made  to  distinguish  desimidase 
and  citrulline  ureidase  activity  from  the  amino  acid  decarboxylase  activity  of  these 
lactobacilli. 

MATERIALS  AND  METHODS 

The  organisms  used  for  these  studies  were  obtained  from  paraffin-stimulated  salivas, 
root  canals,  and  mouth  washings  from  patients  at  the  University  of  North  Carolina 
School  of  Dentistry.  These  samples  were  streaked  on  LBS*  agar  and  incubated  for 

4  days  at  37°  C.  LBS  agar”  is  a  highly  selective  medium  and  supports  the  growth 
of  few  organisms  other  than  lactobacilli.  Approximately  100  isolates  were  replated 
until  pure  cultures  were  established.  Those  organisms  which  were  Gram-positive, 
catalase-negative  bacilli  were  retained  as  lactobacillus  species.  The  isolates  were  main- 

This  study  was  supported  by  Research  Grant  D-476  from  the  N.I.H.,  U.S.  Public  Health  Service. 

Received  for  publication  July  S,  1960. 
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tained  as  stock  cultures  in  Micro  Assay  Culture  Agar*  at  2®-6°  C.  following  24-48 
hours’  incubation  at  37°  C.  All  strains  were  also  lyophilized.  These  isolates  were 
grown  in  Difco  Micro-inoculum  broth  at  30°  and  37°  C.,  and  titratable  acidity  was 
determined  at  the  end  of  24  and  72  hours  with  0.1  N  sodium  hydroxide  to  a  phenol- 
phthalein  end-point.  The  gas  production  was  determined  in  Micro-inoculum  agar  con¬ 
taining  2  per  cent  glucose.  Splitting  of  the  agar  stab  by  the  organisms  was  recorded 
as  gas  production. 

For  testing  enzymatic  activity  of  the  organisms,  a  cell  suspension  was  prepared 
by  centrifuging  the  medium  II  culture  at  3°  C.  and  washing  the  cells  twice  with  cold 
distilled  water.  After  washing,  the  cells  were  suspended  in  enough  cold  distilled  water 
to  give  a  cell  suspension  of  16  mg.  dry  weight  per  ml.  as  determined  by  a  standard 
turbidity-dry-weight  curve. 

The  histidine,  lysine,  and  glutamic  acid  decarboxylase  activities  and  the  carbon 
dioxide  production  from  arginine  of  these  lactobacilli  were  determined  manometrically 
by  the  standard  Warburg  technique.  Air  was  used  as  the  gas  phase,  since  no  difference 
was  observed  when  the  gas  phase  was  nitrogen.  Experiments  were  carried  out  at  37°  C. 
The  histidine  and  glutamic  acid  decarboxylases  were  determined  at  pH  4.5,  and  the 
lysine  decarboxylase  and  carbon  dioxide  production  from  arginine  at  pH  5.3.  The  main 
cup  contained  1.5  ml.  of  0.05  M  phthalate  buffer  and  1  ml.  of  the  cell  suspension  to 
be  tested  while  the  side  arm  contained  0.5  ml.  of  a  3  X  Id'"  M  concentration  of  amino 
acid  substrate  in  phthalate  buffer.  Expressed  as  microliters  of  carbon  dioxide  liberated 
from  the  substrate  per  hour  per  milligram  dry  weight  of  organisms,  values  were 
calculated  from  the  initial  maximum  rates  of  carbon  dioxide  production. 

Qualitative  determination  of  the  amino  acidsf  was  accomplished  by  paper  chroma¬ 
tography,  using  a  descending  paper-strip  system  with  77  per  cent  aqueous  ethyl 
alcohol  saturated  with  diethylamine  as  solvent.  The  amino  acid  spots  were  developed 
with  0.3  per  cent  ninhydrin  in  acetone.  Citrulline  was  further  identified  with  Ehrlich’s 
reagent,  and  ornithine  with  vanillin.**  Ammonia  was  determined  with  Nessler’s  reagent. 

RESULTS 

The  initial  study  in  this  investigation  was  the  determination  of  a  medium  that 
would  be  suitable  for  growth  and  decarboxylase  activity  of  lactobacilli.^**'  Lacto¬ 
bacillus  strain  41  was  found  to  produce  considerable  gas  in  24-48  hours  at  37°  C., 
and,  as  it  was  felt  that  a  heterofermentative  organism  would  be  more  likely  to  produce 
amino  acid  decarboxylases,  this  organism  was  employed  in  this  initial  study.  The 
compositions  of  the  various  growth  media  and  the  growth  responses  of  strain  41  are 
recorded  in  Table  1.  The  media  were  all  adjusted  with  sodium  hydroxide  to  a  final 
pH  of  6.5  except  number  V,  which  was  used  at  a  pH  of  5.8.  One  hundred  ml.  amounts 
of  each  medium  dispensed  in  250-ml.  flasks  were  inoculated  and  incubated  for  48 
hours  at  37°  C. 

Medium  II  was  chosen  for  subsequent  use  because  it  was  relatively  simple  and 
allowed  maximum  acid  production,  a  factor  which  Gale^^  has  indicated  as  important 

♦  Difco  Laboratories,  Inc.,  Detroit,  Michigan. 

t  The  amino  acids  and  pyridoxal  hydrochloride  were  obtained  from  Nutritional  Biochemicals  Cor¬ 
poration,  Cleveland  28,  Ohio. 
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in  the  formation  of  amino  acid  decarboxylases.  Strain  41  grown  in  medium  II  yielded 
maximum  growth  and  acid  production  after  48  hours’  incubation  at  37°  C.  This  did 
not  hold  true  for  all  the  strains  tested,  the  time  of  incubation  necessary  to  achieve 
maximum  growth  and  acid  production  varying  with  different  strains  from  24  to  96 
hours, 

TABLE  1 


Growth  and  Acid  Production  of  Lactobacillus  Strain  41  in  Various  Media 


Medium 

Growth 
(Mg  Dry  Wt 
Cells/Ml) 

Final 

pH 

I.  1%  Bacto-casitone 

0.9 

4.4 

II.  1%  Casein  hydrolyzate  powdered— acid-hydrolyzed,  salt-  and  vitamin- 
free  (Nutritional  Biochemicals  Co.) 

2%  Glucose 

0.1%  Bacto-yeast  extract . 

4.8 

3.75 

III.  1%  Casein  hydrolyzate  powdered — acid-hydrolyzed,  salt-  and  vitamin- 
free  (Nutritional  Biochemicals  Co.) 

2%  Glucose 

0 . 5%  Bacto-yeast  extract . 

6.9 

3.8 

IV.  1%  Bacto-casamino  acids 

2%  Glucose . 

0.025 

5.8 

V.  0.5%  Bacto-proteose  peptone  No.  3 

2%  Bacto-yeast  extract 

1%  Glucose 

0.2%  Potassium  dihydrogen  phosphate 

5.6 

4,2 

VI.  0.5%  Bacto-proteose  peptone  No.  3 

2.0%  Bacto-yeast  extract 

1.0%  Glucose 

0.2%  Potassium  dihydrogen  phosphate 

0.01%  Tween  80 . 

5.3 

4.2 

VII.  3.7%  Bacto-micro  inoculum  broth . 

5.35 

4.1 

VIII.  0.5%  Bacto-proteose  peptone  No.  3 

2.0%  Bacto-yeast  extract 

1.0%.  Glucose 

5.35 

3.8 

IX.  0.5%  Bacto-proteose  peptone  No.  3 

2.0%  Bacto-yeast  extract 

2.0%  Glucose 

0.2%  Potassium  dihydrogen  phosphate 

0.01%  Tween  80 . 

5.3 

4.2 

*  Atlas  Powder  Company,  Wilmington,  Delaware. 


Lactobacillus  strain  3  (LB-3)  was  found  to  produce  carbon  dioxide  only  from 
histidine  and  arginine  of  the  amino  acid  substrates  tested  and  was  chosen  for  further 
study  to  determine  the  optimum  conditions  for  formation  of  these  enzymes.  In  an 
effort  to  increase  the  carbon  dioxide  production  from  arginine  by  this  organism,  0.1 
per  cent  /-arginine  was  added  to  medium  II  prior  to  autoclaving.  The  cells  grown 
in  this  arginine-enriched  medium  had  a  Qqq^  of  5.0,  while  those  grown  in  medium  II 
alone  had  a  of  1.5  (Table  2). 

The  data  revealed  in  Table  2  show  that  pyridoxal  hydrochloride  had  a  slight  inhib¬ 
itory  effect  on  carbon  dioxide  production  from  arginine.  Furthermore,  cells  grown  in 
medium  II  plus  0.1  per  cent  /-arginine  exhibited  greater  activity  when  tested  at  37°  C. 
than  at  30°  C.  Pyridoxal  hydrochloride,  when  similarly  tested,  was  found  to  have  no 
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effect  on  histidine  decarboxylase  activity.  Results  with  pyridoxal  phosphate  were  the 
same  as  those  obtained  with  pyridoxal  hydrochloride.  The  addition  of  /-tryptophan 
(100  mg.  per  liter)  to  medium  II  increased  the  total  cell  crop  but  had  no  effect  on 
histidine  decarboxylase  activity.  It  was  subsequently  found  that  the  additional  stim¬ 
ulus  to  growth  provided  by  /-tryptophan  addition  to  medium  II  could  be  equaled  by 
raising  the  yeast-extract  concentration  from  0.1  to  0.5  per  cent. 

The  effect  of  growth  temperature  on  carbon  dioxide  production  by  LB-3  grown  in 
medium  II  at  26®,  30®,  and  40®  C.  was  tested,  with  arginine,  histidine,  ornithine, 

TABLE  2 

Carbon  Dioxide  Production  from  Arginine  by  Strain  LB-3  in  the 
Presence  and  Absence  of  Pyridoxal  Hydrochloride 


Pyudoxal  HCi 
Final  Concentba- 
TION  7.8X10-‘  M 


f  Absent 
[Present 

/Absent 
/Present 

TABLE  3 

Effect  of  Added  Amino  Acids  in  Growth  Medium  on  Carbon 
Dioxide  Production  by  Strain  LB-3 


Ocoi 


Arginine  Histidine 

1.3  41.5 

7.75  . 


and  glutamic  acid  as  substrates.  Best  activities  were  found  in  those  cells  grown  at 
37°  C. 

Since  the  addition  of  0.1  per  cent  /-arginine  to  medium  II  increased  the  carbon 
dioxide  production  from  arginine,  the  stimulatory  effect  of  /-glutamic  acid,  /-histidine, 
/-lysine,  /-ornithine,  and  /-arginine  added  individually  to  the  growth  medium  on  the 
carbon  dioxide  produced  by  the  corresponding  amino  acids  was  tested.  Each  of  the 
five  amino  acids  was  added  separately  to  liter  flasks  containing  600  ml.  of  medium  III 
and  cultured  at  37®  C.  for  48  hours.  The  results  are  shown  in  Table  3. 

Organism  LB-3  had  no  ornithine  decarboxylase  activity  when  grown  in  medium  III 
alone  or  with  added  /-ornithine.  It  was  decided  that  the  medium  suggested  by  Rodwell^^ 
for  ornithine  decarboxylase  should  be  tried  before  assuming  LB-3  to  be  devoid  of 


Additions  to  Medium  III 


None . 

0. 1%  /-Arginine . 

0.1%  /-Histidine . 

0 . 1%  /-Lysine . 

0.1%  /-Glutamic  acid 
0.1%  /-Ornithine . 


Ocoi 


30*  C. 

37*  C. 

1.5 

1.5 

1.1 

1.0 

3.6 

5.0 

3.0 

5.0 

Gsowth  Medium 

Medium  II . 

Medium  II-|-0.1%  /-arginine 
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this  enzyme.  The  Rodwell  medium  is  essentially  medium  III  with  the  addition  of 
pyridoxamine,  folic  acid,  and  thymine.  The  cells  grown  in  this  medium  plus  0.1  per  cent 
/-ornithine  were  tested  at  37°  C.  and  pH  5.3  in  the  presence  and  absence  of  pyridoxal 
hydrochloride.  No  ornithine  decarboxylase  activity  was  detected  in  either  system, 
although  an  aliquot  of  the  cells  tested  for  carbon  dioxide  production  from  arginine 
showed  a  value  of  3.0. 


T.\BLE  4 


Effect  of  Surface  Area  of  Medium  and  Aeration  on  Carbon  Dioxide 
Production  from  Arginine  and  Histidine  by  Strain  LB-3 


Growth  Conditions 

Surface 

Area 

Growth 
(Mg  Dry 
Wt 

pH 

Ocoj 

(CM.*) 

Cell 

/Ml) 

Histidine 

.4rKinine 

300  ml.  broth  in  500-ml.  flask. . . 

63.62 

1.3 

4  0 

43.5 

3.2 

200  ml.  broth  in  500-ml.  flask. . . 

83.32 

1.1 

4.0 

43.0 

3.2 

500  ml.  broth  in  2,800-ml.  Fern- 
back  flask . 

323.59 

1.9 

4.0 

29.0 

3.5 

500  ml.  broth  with  air  bubbled 
through  sintered  glass  disk  con¬ 
tinuously . 

2.5 

3.8 

17.2 

5.0 

TABLE  5* 

Carbon  Dioxide  Production  from  Histidine,  Glutamic  Acid,  Lysine,  and 
-Arginine  by  58  Strains  of  Oral  Lactobacilli 


Source  of 

Histidine 

Glutamic  Acid 

LYSI.N'E 

Arginine 

Organishs 

+ 

± 

- 

-b 

± 

- 

+ 

+ 

- 

+ 

± 

- 

Saliva . 

1 

11 

15 

3 

15 

9 

1 

8 

18 

12 

9 

6 

(Paraffin  stimu¬ 
lation) 

Mouth  wash . 

1 

1 

18 

0 

2 

18 

0 

0 

20 

12 

2 

6 

Root  canal . 

1 

1 

9 

1 

2 

8 

0 

0 

11 

3 

1 

7 

Total . 

3 

13 

42 

4 

19 

35 

1 

8 

49 

27 

12 

19 

*  -|-=0coi  >  2-5:  ±  =0co,  <  2.5  >  1;  —  =no  measurable  activity. 


To  determine  the  effect  of  oxygen  tension  during  growth  on  enzyme  formation,  four 
flasks  of  medium  III  were  inoculated  with  LB-3  and  incubated  at  37°  C.  for  48  hours. 
The  results  are  shown  in  Table  4.  Aeration  decreased  the  carbon  dioxide  production 
from  arginine  from  a  Qqq,  value  of  43.5  to  17.2. 

Using  the  optimum  conditions  for  the  production  of  amino  acid  decarboxylases, 
incubation  at  37°  C.  in  medium  III  to  the  point  of  maximum  acid  production,  58 
strains  of  oral  lactobacilli  were  tested  for  amino  acid  decarboxylases  and  carbon  diox¬ 
ide  production  from  arginine.  The  four  amino  acids  tested  were  /-histidine,  /-arginine, 
/-lysine,  and  /-glutamic  acid.  These  amino  acids  have  been  found  to  be  those  most  com¬ 
monly  attacked  by  oral  lactobacilli.**  The  results  are  recorded  in  Table  5. 
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During  the  course  of  this  investigation  it  was  found  that  certain  strains  of  oral 
lactobacilli  produced  ammonia  in  addition  to  carbon  dioxide  from  arginine.  With  urea 
as  the  substrate,  no  carbon  dioxide  was  released  by  LB-3;  therefore,  this  organism 
did  not  contain  urease. 

On  the  assumption  that  the  arginine  dihydrolase  enzyme  system  might  be  the 
source  of  ammonia  and  carbon  dioxide  released  from  arginine  by  LB-3,  the  end 
products  were  identified  chromatographically.  With  arginine  as  the  substrate,  argi¬ 
nine,  ornithine,  and  citrulline  were  separated  from  the  reaction  mixture,  and,  with 
citrulline  as  the  substrate,  citrulline  and  ornithine  were  separated  from  the  reaction 
mixture. 

DISCUSSION 

An  attempt  at  defining  the  optimum  conditions  for  amino  acid  decarboxylase  pro¬ 
duction  in  oral  lactobacilli  led  to  several  findings. 

A  uniform  period  of  incubation  was  found  to  be  an  unsatisfactory  method  for 
obtaining  optimum  enzyme  production  in  the  species  studied  and  was  replaced  by 
the  determination  of  maximum  acid  production  by  a  growing  culture  as  an  index  of 
enzyme  production.  This  correlates  with  the  work  of  Gale  and  Epps,^  who  found  that 
bacteria,  grown  in  an  acid  medium,  attacked  amino  acids  by  decarboxylation. 

The  presence  of  the  specific  substrate  increased  the  carbon  dioxide  production  from 
arginine  but  had  no  effect  on  histidine,  glutamic  acid,  or  lysine  decarboxylase  activities. 
The  addition  of  histidine  to  that  already  present  in  the  casein  hydrolyzate  of  the 
growth  medium  had  an  inhibitory  effect  on  carbon  dioxide  production. 

Oral  lactobacilli,  on  primary  isolation,  are  usually  found  to  be  micro-aerophilic. 
Possibly  because  of  the  continued  cultivation  under  aerobic  conditions,  the  strain 
LB-3  grew  quite  well  under  conditions  of  increased  aeration.  However,  the  activity 
of  histidine  decarboxylase  decreased  as  the  aeration  increased.  The  carbon  dioxide 
production  from  arginine  was  not  appreciably  affected  by  increased  aeration.  The 
difference  in  the  effect  of  aeration  on  the  production  of  histidine  decarboxylase  and 
carbon  dioxide  production  from  arginine  may  be  accounted  for  by  the  fact  that  arginine 
decarboxylase  is  not  involved. 

When  the  58  strains  of  oral  lactobacilli  employed  in  this  investigation  were  tested 
manometrically,  carbon  dioxide  was  produced  most  frequently  from  arginine.  Glutamic 
acid  decarboxylase  was  next  in  frequency  of  occurrence,  followed  by  histidine  and, 
finally,  lysine  decarboxylase.  There  was  no  pattern  of  occurrence  of  the  enzymes  in 
groups,  however.  Only  3  strains  had  a  greater  than  2.5  with  histidine  as  the  sub¬ 
strate.  The  proposal  of  a  histamine  relationship  with  i>eriodontitis  is  difficult  to  evaluate 
on  the  basis  of  the  present  findings  with  oral  lactobacilli. 

It  is  of  interest  that  67  per  cent  of  the  organisms  tested  produced  carbon  dioxide 
from  arginine.  It  was  found  that  every  organism  which  produced  carbon  dioxide  from 
arginine  also  liberated  ammonia.  Arginase  was  ruled  out  in  LB-3  by  testing  the  organ¬ 
ism  with  urea  as  the  substrate.  In  no  instance  was  ammonia  or  carbon  dioxide  produced 
— products  one  would  expect  if  urease  were  present.  In  the  presence  of  arginine  as  the 
substrate,  citrulline,  ornithine,  ammonia,  and  carbon  dioxide  were  the  end  products  of 
the  reaction.  With  citrulline  as  the  substrate,  ornithine,  ammonia,  and  carbon  dioxide 
were  the  end  products.  The  enzyme  system  splitting  arginine  to  citrulline,  ornithine. 
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ammonia,  and  carbon  dioxide  in  the  LB-3  strain  was  identified  as  arginine  desimidase 
and  citrullinase. 

On  the  basis  of  evidence  presented  in  this  paper  and  similar  findings  by  Lagerborg 
and  Clapper,*  it  would  seem  that  oral  lactobacilli  might  not  produce  a  true  arginine 
decarboxylase. 

SUMMARY 

The  optimum  conditions  for  the  production  of  amino  acid  decarboxylases  by  oral 
lactobacilli  were  determined.  They  included  incubation  at  37®  C.,  harvesting  when  the 
point  of  maximum  acid  production  was  reached,  and  growth  in  a  medium  composed  of 
0.5  per  cent  Bacto-yeast  extract,  2  per  cent  glucose,  and  1  per  cent  powdered  casein 
(acid-hydrolyzed,  vitamin-  and  salt-free).  Using  these  conditions,  58  strains  of  oral 
lactobacilli  were  tested  manometrically  for  the  presence  of  four  amino  acid  decarboxy¬ 
lases.  Glutamic  acid  decarboxylase  was  the  most  frequently  occurring  decarboxylase, 
followed  by  histidine  and,  finally,  lysine  decarboxylases.  Sixty-seven  per  cent  of  the 
organisms  produced  carbon  dioxide  from  arginine,  and  it  was  concluded  that  arginine 
decarboxylase  was  not  involved  but  that  the  carbon  dioxide  production  resulted  from' 
the  action  of  arginine  desimidase  and  citrullinase. 
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The  presence  of  glycogen,  succinic  dehydrogenase,^'^  and  acid  mucopolysaccharides 
in  the  oral  mucous  membrane  has  been  reported  in  several  recent  investigations.  Pre¬ 
vious  studies  have  described  a  direct  relationship,®  an  inverse  relationship,^-®  and  a 
lack  of  relationship®'  ^  between  keratinization  and  glycogen.  The  distribution  of  muco¬ 
polysaccharides  in  the  epithelial  intercellular  cement  and  connective  tissue  ground 
substance  of  the  oral  mucous  membrane  has  likewise  been  determined  by  several 
investigators.*"^® 

This  histochemical  investigation  was  undertaken  to  compare  the  distribution  of 
these  substances  and  to  relate  them  to  aging  and,  where  possible,  to  keratinization 
in  the  oral  mucous  membranes  of  rats  and  hamsters.  Furthermore,  the  oral  tissues  of 
two  3-year-old  monkeys  were  studied  to  determine  whether  a  similar  distribution  of 
glycogen  and  succinic  dehydrogenase  existed  in  higher  mammals. 

MATERIALS  AND  METHODS 

One  hundred  male  Long-Evans  rats,  75  male  Syrian  hamsters,  and  2  female  rhesus 
monkeys  {Macaca  mulatto)  were  used  in  this  investigation.  Tissues  were  taken  from 
rats  ranging  in  age  from  1  to  900  days  and  from  hamsters  1-540  days,  since  the 
latter  seldom  survived  to  an  older  age.  The  1 -day-old  group  consisted  of  30  rats  and 
25  hamsters;  the  8-day,  of  30  rats  and  25  hamsters;  the  42-63-day,  of  30  rats  and 
25  hamsters;  and  the  oldest  group,  of  5  540-day-old  hamsters  and  10  850-900-day-old 
rats.  The  2  monkeys  were  2-3  years  old.  The  rats  and  hamsters  were  sacrificed  by 
cranial  trauma,  while  biopsy  specimens  were  taken  from  the  monkeys  under  nembutal 
anesthesia.  All  tissues  were  fixed  in  alcoholic  formalin  (AAF)  (85  parts  absolute 
alcohol,  5  parts  glacial  acetic  acid,  and  10  parts  40  per  cent  formaldehyde)  for  4  hours 
at  4°  C.  Paraffin  with  a  melting  point  of  56°-58°  C.  was  used  for  imbedding.  Rec- 
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tangular  strips  of  gingiva  were  dissected  to  include  both  the  marginal  and  the  vestib¬ 
ular  gingiva.  Three  specimens  were  taken  from  the  palate — one  from  the  mid-line 
and  two  bilaterally  from  the  gingival  portion  of  the  palate.  Biopsies  were  also  taken 
from  the  cheek  pouch  of  the  hamsters  and  from  gingiva  and  palate  of  the  monkeys. 
All  tissues  were  sectioned  at  a  thickness  of  8  /i.  Twenty-five  serial  sections  were  made 
from  each  specimen,  and  representative  sections  of  each  tissue  were  stained  in  hema¬ 
toxylin  and  eosin.  Keratinization  was  evaluated  according  to  the  classification  of 
Castenfelt,"  whose  criterion  is  based  on  nuclear  morphology  and  staining  reaction. 

The  following  histochemical  techniques  were  utilized  in  this  investigation.  The 
Hotchkiss  aqueous  periodic  acid-Schiff  reagent  was  used  for  basement  membrane  and 
glycogen  determinations.^-  Care  was  taken  to  avoid  dissolving  the  mucopolysaccharides 
present  in  the  tissues  by  maintaining  the  temperature  of  the  hot  plate  at  37°  C.  while 
spreading  the  tissue  and  by  the  subsequent  removal  of  the  slides  from  the  hot  plate, 
thereby  permitting  the  tissues  to  air-dry  for  24  hours.  To  determine  the  presence  of  gly¬ 
cogen,  control  tissue  sections  were  digested  in  a  0.1  per  cent  solution  of  malt  diastase 
buffered  with  phosphates  to  pH  6.0  overnight  at  37°  C.  Since  malt  diastase  is  not  entire¬ 
ly  specific  for  glycogen  because  of  small  traces  of  ribonucleases  present,  dilute  solutions, 
in  the  order  of  1/1,000,  were  utilized.  Since  the  PAS  method  showed  no  glycogen  in 
the  monkey,  the  Best  carmine  method  was  used  to  verify  this  absence. 

Succinic  dehydrogenase  was  determined  by  using  the  techniques  of  Padykula  and 
of  Formisano  and  Montagna,  who  employed  the  tetrazolium  salts.  In  this  action  the 
sodium  succinate,  which  is  the  substrate,  is  dehydrogenated.*’’  The  tetrazolium 
salts,  normally  colorless,  are  thereby  reduced  to  a  colored  salt,  which  indicates  the 
presence  of  succinic  dehydrogenase.  Sodium  malonate  was  employed  as  a  blocking 
agent. 

Rinehart’s  method  and  alcian  blue  combined  with  the  periodic  acid-Schiff  tech¬ 
nique  were  used  for  the  determination  of  acid  mucopolysaccharides.*'’*  *®  The  former 
method  involved  staining  in  a  colloidal  iron  solution  for  40  minutes;  the  latter  method 
utilized  a  0.1  per  cent  alcian  blue  solution  in  3  per  cent  acetic  acid  for  30  minutes  and 
the  periodic  acid-Schiff  reagent  as  a  counterstain.  As  a  further  test  for  acid  muco¬ 
polysaccharides,  toluidine  blue  and  azure  A  were  used  for  demonstrating  metachromasia 
in  all  tissues  employing  a  0.1  per  cent  solution.*' 

RESULTS 

Glycogen. — Glycogen  was  demonstrated  in  the  mucous  membranes  of  both  rats  and 
hamsters  in  varying  amounts  (Figs.  1-8).  The  Hotchkiss  reaction  showed  it  to  be 
present  in  the  prickle-cell  layer  (stratum  spinosum)  of  the  stratum  Malpighii  and 
not  in  the  stratum  basale  or  stratum  corneum.  Glycogen  was  present  in  the  1 -day-old 
animal  (Fig.  18)  and  the  greatest  concentration  was  found  in  the  8-day-old  rat  and 
42-day-old  hamsters  (Figs.  1,  2).  Faint  traces  of  glycogen  were  occasionally  detected 
in  540-day-old  animals  and  older  (Figs.  3,  4).  Differences  in  the  observed  glycogen 
concentration  within  any  age  group  exceeded  differences  observed  when  comparing 
different  age  groups.  The  maximum  intensity  observed  for  8-day  animals  was  never 
observed  in  tissues  of  the  ten  800-900-day-old  animals.  Localization  was  found  to  be 
most  pronounced  in  sections  of  tissue  taken  from  the  palate  of  rats  and  hamsters  and 
pouches  of  hamsters  (Figs.  3,  6,  8).  Little  or  no  glycogen  was  found  in  the  crevicular 


Fig.  1. — Cross-section  of  palate  of  8-day-old  rat  stained  by  Hotchkiss  PAS  method  for  glycogen. 
Note  intense  localization  of  glycogen  in  prickle-cell  layer.  X  100. 


Fig.  2. — Cross-section  of  palate  of  42-day-old  hamster  stained  by  Hotchkiss  PAS  method  for 
glycogen.  X 100. 

Fig.  3. — Cross-section  of  hamster  cheek  pouch  of  S40-day-old  hamster.  Note  glycogen  in  the 
prickle-cell  layer.  Hotchkiss.  X 100. 

Fig.  4. — Diastase  control  of  hamster  cheek  pouch  stained  by  the  Hotchkiss  PAS  technique.  Note 
absence  of  glycogen. 

Fig.  5. — Maxillary  gingiva  of  4S0-day-old  hamster  stained  by  Hotchkiss  PAS  method  for  glycogen. 
Note  concentration  of  glycogen  in  oral  surface  of  crestal  gingiva.  This  tissue  is  free  of  inflammation. 
XIOO. 


t 


Fig.  6. — Sagittal  section  of  palate  of  450-day-old  hamster  stained  by  Hotchkiss  PAS  technique.  Note 
glycogen  in  epithelium.  X 100. 

Fig.  7. — Diastase  control  for  Fig.  8.  Note  absence  of  glycogen.  Hotchkiss.  X  100. 

Fig.  8. — Cross-section  of  palate  of  8-day-old  rat,  littermate  of  animal  in  Fig.  1.  Note  that  there 
appears  to  be  less  glycogen  than  in  Fig.  1.  Hotchkiss.  X  100. 
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gingiva,  while  heavy  concentrations  were  observed  in  well-keratinized  crestal  gingiva 
(Fig.  5).  The  periodic  acid-Schiff  method,  as  well  as  the  Best  carmine  method,  failed 
to  demonstrate  the  presence  of  glycogen  in  the  tissues  of  the  monkey.  The  tissues  for 
the  most  part  were  free  of  inflammation.  Since  these  tissues  were  handled  in  exactly 
the  same  manner  as  the  rodent  tissues,  it  would  appear  that  a  species  difference  exists 
either  in  the  concentration  of  glycogen  or  in  the  tissue  reaction  to  the  fixative. 

PAS-positive  background  material  was  found  to  be  present  in  the  tunica  propria 
of  both  rats  and  hamsters.  An  increase  in  intensity  of  the  staining  reaction  was  ob¬ 
served  with  increasing  age  of  the  animals,  being  more  pronounced  in  rats  than  in 
hamsters.  This  was  probably  due  to  an  increased  density  of  collagen,  as  sections 
stained  by  the  Bauer  reaction,  which  does  not  stain  collagen,  failed  to  reveal  this  age 
change.  A  moderately  positive  PAS  stain,  which  became  darker  when  combined  with 
alcian  blue,  was  distinguished  in  the  intercellular  cement  of  the  epithelium.  The 
basement  membrane  stained  a  deep  red  and  became  more  distinct  in  the  older  animals 
of  both  species  (Figs.  3,  5).  A  pale-pink  reaction  was  observed  in  the  prekeratin  area 
of  the  epithelium  and  in  the  intercellular  cement. 

Succinic  dehydrogenase. — Succinic  dehydrogenase  was  localized  predominantly  in 
the  basal  layer  and  in  two  or  three  of  the  deeper  layers  of  the  stratum  Malpighii  (Figs. 
9-12).  Enzyme  activity  was  noted  in  the  epithelium  of  the  crevicular,  crest,  and 
attached  gingiva  and  in  all  parts  of  the  palate.  No  age  change  was  observed.  In  a  few 
1-day  animals  a  diffuse  pale  staining  reaction  was  observed  in  the  Malpighii  and 
corneal  layers.  However,  this  reaction  was  not  confirmed  when  tissues  from  littermates 
of  the  same  age  were  stained  for  succinic  dehydrogenase.  When  succinic  dehydrogenase 
localization  of  the  gingiva  taken  from  the  3-year-old  rhesus  monkeys  was  compared 
with  that  of  the  42-day-old  rodents  (Figs.  13,  14),  no  differences  were  observed. 

Acid  mucopolysaccharides. — Definite  localizations  were  found  in  the  distribution 
of  mucopolysaccharides  stained  by  Rinehart’s  technique  in  the  tunica  propria  of  the 
gingival  tissues.  A  pale-blue  diffuse  staining  reaction  just  below  the  epithelium  was 
noted  in  the  tunica  propria  of  the  1-day-old  animals  (Fig.  IS).  As  the  ages  of  the 
animals  increased,  an  intense,  localized,  less  diffuse  reaction  was  observed  deeper  in 
the  tunica  propria  (Figs.  16,  17).  In  the  palatal  tissues  the  distribution  seemed  to 
be  more  pronounced  in  the  connective  tissue  of  the  rugae  and  was  not  present  in  any 
great  quantity  in  the  posterior  region  of  the  palate. 

Alcian  blue  combined  with  periodic  acid-Schiff  was  employed  as  a  second  method 
for  the  localization  of  acid  mucopolysaccharides.  In  the  1 -day-old  animal  a  bluish 
diffuse  stain  was  observed  in  the  tunica  propria  immediately  below  the  epithelium 
(Fig.  18).  In  42-63-day-old  rats  and  8S0-900-day-old  animals  a  darker,  more 
diffuse  reaction  was  observed  (Fig.  19).  The  reaction  increased  in  intensity  from  1  to 
42  days.  Thereafter  there  was  little  change.  In  the  old  hamster  (540  days)  large 
patches  of  blue-staining  material  were  observed  in  the  tunica  propria,  being  most  pro¬ 
nounced  in  the  rugae  of  the  palate  (Fig.  17). 

Toluidine  blue  and  azure  A  were  used  separately  as  a  third  method  for  detecting 
acid  mucopolysaccharides.  The  localization  in  the  tunica  propria  was  similar  to  that 
observed  by  the  Rinehart  method  (Figs.  16,  17).  With  non-buffered  toluidine  blue 
in  distilled  water  at  pH  S.6,  the  intercellular  substance  of  the  epithelium  stained  in 
the  1 -day-old  animal  and  failed  to  stain  with  increasing  age.  This  could  perhaps  be 
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Fig.  9. — Section  of  palate  of  26-day-oId  rat.  Dark  band  in  epithelium  indicates  succinic  dehydro¬ 
genase  activity.  Blue  tetrazolium.  X 100. 

Fig.  10.— Control  section  for  Fig.  9  incubated  with  sodium  malonate  which  blocks  the  staining 
reaction  for  succinic  dehydrogenase.  Tetrazolium.  X 100. 

Fig.  11. — Section  of  palate  of  26-day-old  rat  stained  for  succinic  dehydrogenase  with  neotetrazolium. 
Note  localization  in  stratum  basale  and  in  the  lower  part  of  prickle-cell  layer.  Tetrazolium.  XIOO. 

Fig.  12. — Distribution  of  succinic  dehydrogenase  in  the  lower  Malpighii  layer  of  lower  lingual  gin¬ 
giva  of  young  rat.  Neotetrazolium.  X 100. 

Fig.  13. — Localization  of  succinic  dehydrogenase  in  the  crevicular  and  marginal  palatal  gingiva  of 
a  young  monkey.  Neotetrazolium.  X 100. 

Fig.  14. — Control  monkey  palatal  gingiva.  Blocking  was  accomplished  by  sodium  malonate.  Neo¬ 
tetrazolium.  XIOO. 


Fig.  is. — Upper  jaw  of  1 -day -old  rat,  demonstrating  a  diffuse  blue-staining  reaction  in  the  tunica 
propria.  Rinehart’s  stain  for  acid  mucopolysaccharides.  XIOO.  The  blue-stained  areas  are  outlined  in 
white  for  Figs.  15, 16,  17. 

Fig.  16. — Palatal  gingiva  of  800-day-old  rat,  revealing  intense  area  of  localized  blue  stain  rather 
than  diffuse  localization,  as  compared  with  the  1-day-old  animal.  Rinehart.  XIOO. 

Fig.  17.  Palatal  rugae  of  S40-day-old  hamster,  showing  intense  localized  blue-staining  area  in  tunica 
propria.  Rinehart.  X 100. 

Fig.  18. — Lower  jaw  of  1-day-old  rat  stained  for  acid  mucopolysaccharides  by  the  combined  alcian 
blue-PAS  method.  Pale  bluish  diffuse  stain,  indicated  by  arrow,  immediately  below  the  epithelium 
is  present  in  the  tunica  propria.  Note  alcian  blue-PAS -positive  material  in  the  parakeratotic  zone. 
There  is  little  glycogen  in  the  prickle-cell  layer  of  the  epithelium.  Mowry.  XIOO. 

Fig.  19. — Maxillary  gingiva  of  850-day-old  rat,  with  a  heavier  reaction  in  the  tunica  propria. 
Mowry.  XIOO. 
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explained  by  the  fact  that  in  the  1-day  animal  the  intercellular  cement-like  substance 
is  not  yet  fully  differentiated.  Very  weak  gamma  metachromasia  was  visible  in  the 
tunica  propria  at  all  ages,  but  distinct  metachromasia  was  not  perceptible  in  the 
intercellular  cement.  This  would  seem  to  indicate,  in  agreement  with  Thonard,® 
the  presence  of  mucopolysaccharides  but  does  not  verify  the  presence  of  acid  muco¬ 
polysaccharides. 


DISCUSSION 

The  finding  of  increased  glycogen  in  the  crestal  gingiva  and  palate  when  they  were 
well  keratinized  is  suggestive  of  a  positive  correlation  between  glycogen  and  keratin- 
ization.  This  positive  correlation  may  exist  between  the  rate  of  keratinization  rather 
than  the  quantity  of  keratin.  Since  the  palatal  tissues  and  the  oral  surface  of  the 
crestal  gingiva  are  presumably  subjected  to  abrasion  during  mastication,  a  greater 
turnover  of  keratin  may  be  required  in  these  areas.  This  increased  rate  of  keratiniza¬ 
tion  may  be  associated  with  the  observed  glycogen  deposition.  It  has  previously  been 
reported***  that  a  mild  injury  to  the  stratum  corneum  of  the  skin  produces  an  increase 
in  glycogen.  A  great  deal  of  variability  in  the  intensity  of  glycogen  localization  was 
noted  both  in  the  same  tissues  of  different  animals  (littermates)  of  the  same  age  and 
in  different  sections  of  the  same  tissue.  This  variability  could  be  due,  as  in  the  case 
of  sulfhydryl,*®  to  local  metabolic  alterations  or  to  the  lability  of  the  glycogen.  It  has 
been  shown  by  Turesky,  Glickman,  and  Fisher*  that  the  glycogen  concentration  can 
vary  in  the  areas  of  the  same  section  in  relation  to  local  areas  of  inflammation.  The 
fact  that  our  sections  were  generally  free  from  inflammation  and  still  contained  ap¬ 
preciable  amounts  of  glycogen  indicates  that  gluconeogenesis  is  not  essential  for  the 
production  of  substantial  amounts  of  glycogen  in  the  gingival  epithelium,  as  suggested 
by  Dewar.® 

According  to  the  observations  presented,  there  appears  to  be  some  indication  of 
differences  between  epithelial  intercellular  material  and  the  ground  substance  of 
connective  tissue.  It  was  found  in  this  investigation  that  .the  intercellular  cement 
substance  is  both  PAS-positive,  alcian  blue-positive,  beta-  to  gamma-metachromatic, 
and  Rinehart-negative;  while  the  ground  substance  is  weakly  gamma-metachromatic, 
Rinehart-,  alcian  blue-,  and  PAS-postitive.  The  observation  that  Rinehart-positive 
material  was  most  abundant  in  the  rugae  of  the  palate  is  suggestive  of  a  function  in 
maintaining  the  elevation  of  the  rugae. 

It  has  been  previously  pointed  out  by  Shimizu^®  that  low  succinic  dehydrogenase 
activity  is  related  to  glycogen  deposition  in  neural  structures.  Wislocki,  Fawcett,  and 
Dempsey*®  and  Bradfield®  suggested  that  the  glycogen  deposition  was  correlated  with 
a  poor  oxygen  supply  or  a  high  anaerobic  metabolism.  Therefore,  it  was  inferred  that 
an  intense  anaerobic  glycolysis  in  the  neural  structures  produced  the  observed  glyco¬ 
gen  deposition.  However,  Braun-Falco-*  reported  that  he  found  both  glycogen  and 
succinic  dehydrogenase  activity  in  the  outer  root  sheath  of  the  hair. 

In  the  oral  mucous  membrane,  succinic  dehydrogenase  activity  was  found  to  remain 
constant  with  age  by  histochemical  methods.  The  localization  in  the  basal  cells  indi¬ 
cates  an  increased  amount  of  aerobic  glycolysis,  as  compared  with  the  remainder  of 
the  epithelium.  Serial  sections  stained  for  glycogen  with  the  PAS  method  using  diastase 
controls  indicated  that  the  oxidation-reduction  system  in  oval  mucous  membrane 
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containing  succinic  dehydrogenase  was  diminished  in  the  areas  containing  glycogen. 
This  would  indicate  that  another  of  the  oxidative  systems  or  an  anaerobic  system 
was  utilized  in  the  metabolism  of  glycogen. 

The  consistent  finding  of  succinic  dehydrogenase  in  all  the  tissues  studied  indicates 
the  importance  of  this  particular  enzyme  in  the  vitality  of  living  cells.  It  is  interesting 
to  note  that  the  distribution  of  succinic  dehydrogenase  in  the  oral  mucous  membrane 
is  apparently  identical  with  the  distribution  of  mitosis  as  reported  by  Hirt,  St.  Hartl, 
and  Muhlemann.^ 


SUMMARY 

Glycogen  in  the  epithelium  of  the  oral  mucosa  of  rodents  was  found  to  decrease  in 
concentration  with  age  and  was  found  to  be  abundant  in  areas  where  no  inflammation 
was  present.  Glycogen  was  not  demonstrable  in  the  monkey  mucosa. 

A  possible  correlation  between  glycogen  deposition  and  rate  of  formation  of  keratin 
in  rodents  is  suggested  by  its  presence  in  greater  amounts  where  tissue  abrasion  during 
mastication  may  occur,  such  as  the  palate  and  oral  surface  of  the  crestal  gingiva. 

The  maximum  succinic  dehydrogenase  activity  was  observed  in  the  basal  cells,  with' 
diminishing  activity  in  the  deeper  layers  of  the  stratum  Malpighii.  The  distribution 
was  the  same  in  all  the  animals  studied  and  was  not  affected  by  age.  Glycogen  was 
found  to  be  most  abundant  in  areas  of  diminished  succinic  dehydrogenase  activity  in 
the  rat  and  hamster.  Since  succinic  dehydrogenase  and  glycogen  are  not  found  in  the 
same  location,  the  possibility  exists  that  other  enzyme  systems  are  associated  with 
glycogen  formation. 

Material  which  showed  a  positive  reaction  for  acid  mucopolysaccharides  with  the 
Rinehart  technique  increased  with  age  and  was  most  pronounced  in  the  tunica  propria 
of  the  palatine  rugae  of  the  rodents. 

Epithelial  intercellular  cement  was  found  to  be  alcian  blue-PAS-positive  and 
Rinehart-negative,  while  the  ground  substance  of  the  tunica  propria  was  alcian  blue-, 
PAS-,  and  Rinehart-positive.  This  suggests  a  difference  in  the  mucopolysaccharide 
composition  of  these  tissues. 
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The  value  of  paper  electrophoresis,  so  simple  and  rapid,  has  been  established  as  a 
diagnostic  tool  in  clinical  medicine.^  Extensive  studies  with  blood  serum^  have  shown 
that  the  distribution  of  blood  proteins  is  quite  uniform  and  that  the  reproducibility 
of  individual  patterns  is  very  good.  On  the  other  hand,  few  investigations  have  been 
reported  for  saliva,  whole,  mixed,  or  the  separate  secretions.  These  show  variations 
in  composition.  In  contrast  to  blood,  salivary  proteins  are  in  low  concentration  (0. 2-0.4 
per  cent  as  against  6-7  per  cent),  and  our  knowledge  of  their  origin  and  composition 
is  much  more  fragmentary.  Although  little  is  known  of  their  role  in  systemic  or 
dental  conditions,  a  standardized  technique  with  paper  electrophoresis  would  be  valu¬ 
able  in  adding  to  this  information. 

Our  investigations  of  salivary  electropherograms  were  initiated  to  establish  a  routine 
procedure  under  standardized  operational  conditions.  Patterns  of  parotid  saliva  from 
individuals  under  controlled  stimulation  may  then  be  compared  and  evaluated.  The 
apparent  criterion  of  optimum  resolution  reported  by  previous  investigators  is  re¬ 
flected  in  the  variations  of  the  number  of  zones  (2  to  12)  reported.  Ferguson,  Krahn, 
and  Hildes^  reported  a  total  of  9  bands  but  indicated  that  not  all  these  bands  ap¬ 
peared  in  patterns  of  all  subjects.  Kinersly^  and  Kinersly  and  Leite^  made  the  same 
observation  but  never  obtained  9  components.  Gabl  and  Egger®  showed  5  to  7  com¬ 
ponents.  Drevon  and  Donikian’  reported  4  or  5  components,  the  number  varying  with 
different  buffer  systems.  Conversely,  the  presence  of  no  more  than  2  or  3  bands  is 
often  interpreted  as  evidence  of  poor  resolution.  Hoerman,*  dissatisfied  with  paper 
as  a  supporting  medium,  demonstrated  12  zones  in  a  borate  buffer  on  a  starch  gel. 
Weinstein,  Heskins,  and  Jackson®  pointed  out  that  conditions  designed  for  serum 
analysis  were  not  desirable  for  parotid  saliva.  Though  they  reported  11  components, 
the  frequency  of  occurrence  of  this  number  was  implied  but  not  shown.  Of  the  several 
groups  of  independent  investigators,  Ferguson,  Krahn,  and  Hildes*  showed  some 
differences  in  pattern  resolution  from  the  same  individual  for  samples  obtained  at 
different  flow  rates.  They  reported  an  increase  in  the  total  protein  content,  as  well  as 
an  increase  in  the  electrophoretically  separable  components  when  the  flow  rate  increased 
from  0.05  to  1.26  ml/min  in  a  limited  number  of  cases. 


This  work  was  supported  by  U.S.P.H.S.  research  grant  D-268  from  the  National  Institute  of 
Dental  Research,  National  Institutes  of  Health. 
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It  seemed  important,  therefore,  first  to  check  the  influence  of  operational  factors 
and  then  with  a  standardized  procedure  to  determine  the  characteristics  of  parotid 
saliva  as  they  are  dependent  upon  flow  rate.  Only  under  these  conditions  are  clinical 
evaluations  valid.  The  present  study  was  undertaken  to  standardize  the  operational 
factors  of  paper  electrophoresis  with  an  instrument*  readily  available  for  diagnostic 
laboratories.  Veronal  buffer  at  pH  8.6  and  =  0.05  was  chosen  to  permit  comparison 
of  salivary  patterns  with  blood  serum  patterns.  Using  the  standardized  experimental 
conditions,  patterns  from  the  same  and  different  individuals  were  compared  for  opti¬ 
mum  resolution  at  mild  and  hyperstimulation  levels. 

MATERIALS  AND  METHODS 

The  subjects  were  50  healthy  adults  of  the  staff  and  student  body.  The  samples 
of  parotid  saliva  were  obtained  by  means  of  an  acrylic,  double-walled  suction  cupt 
placed  over  the  opening  of  one  parotid  gland  duct.  The  flow  was  induced  by  a  single, 
repeated,  or  prolonged  stimulation  with  lemon  juice  concentrates  or  fresh  lemon.  Stimu¬ 
lation  was  defined  by  flow  rate:  (1)  mild  stimulation — obtained  by  swabbing  the 
mouth  with  dilute  lemon  juice,  or  by  smoking,  and  yielding  under  1  ml/min  of  parotid 
saliva  from  one  parotid  gland;  (2)  hyperstimulation — obtained  by  sucking  on  a  fresh 
lemon  or  drinking  fresh  lemon  juice,  and  yielding  a  flow  rate  greater  than  1  ml/min. 
All  samples,  varying  in  volume  from  8  to  10  ml.  were  collected  at  room  temperature 
and  stored  at  4°  C.  until  ready  for  processing. 

Five-ml.  samples  were  placed  in  cellophane  casings^  (25/64  in.)  and  dialyzed 
against  distilled  water  (1  liter /sample)  at  4°  C.  for  periods  of  time  varying  between 
12,  24,  and  48  hours.  In  addition,  some  samples  were  dialyzed  against  veronal  buffer. 
Other  samples  were  run  without  any  dialysis. 

Following  this  treatment,  concentration  of  the  samples  was  effected  by  direct  per- 
vaporation  at  room  temperature,  using  a  fan.  The  casings  were  kept  under  tension 
by  means  of  a  tightly  wound  rubber  band  at  the  lower  portion  of  the  vertically  sus¬ 
pended  tubing.  As  the  evaporation  progressed,  the  rubber  band  was  moved  upward, 
entrapping  the  remaining  liquid.  With  the  small-sized  casing  described,  the  concen¬ 
tration  factor  was  conveniently  controlled.  In  these  studies  about  a  tenfold  concen¬ 
tration  was  readily  obtained  in  3-5  hours. 

Both  a  striper  and  a  micropipette  were  used  to  apply  the  sample  to  the  paper  strip. 

To  the  3-cm.  paper  (S  and  S  2043A  gl),  supplied  with  the  instrument,  the  applica¬ 
tion  with  the  striper  was  a  double  operation  and  resulted  in  the  sample’s  spreading 
at  the  outer  edges.  On  the  other  hand,  a  conical-tipped  ultra-micropipette,  carefully 
fire-polished,  delivered  a  20-lambda  sample  in  a  single  operation.  By  lightly  touching 
the  tip  of  the  pipette  about  7-8  mm.  from  the  paper’s  edge,  the  sample  (20  lambda) 
was  applied  to  the  strips,  stretched  taut  on  the  support.  This  process  was  repeated, 
working  toward  the  center  and  then  out  to  the  other  edge.  After  a  uniformly  oval 
spot  was  attained,  the  remainder  of  the  sample  was  delivered  into  the  center  of  the 
zone. 

*  Spinco  Model  R  Electrophoresis  Unit,  Beckman  Instruments,  Spinco  Division,  Belmont,  Cali¬ 
fornia. 

t  These  cups  were  made  in  quantity  with  acrylic  resin,  polyethylene  tubing,  and  15 -gauge  hypo¬ 
dermic  needles,  using  a  Lashley  cup  as  a  model. 

t  The  casings  were  obtained  from  Vbking  Co.,  Chicago,  Illinois,  Division  of  Union  Carbide. 
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To  minimize  sample  spreading,  the  direct  pipette  method  was  always  used  on  dry 
strips.  To  insure  uniform  distribution  of  buffer  along  the  whole  strip,  it  was  found  ade¬ 
quate  to  flush  down  both  sides  of  the  supported  strips  with  buffer,  using  a  hypodermic 
syringe.  The  stream  of  buffer  was  directed  across  the  width  of  each  strip,  approximately 
3-5  cm.  away  from  the  application  area  on  both  sides.  About  10-15  ml.  of  buffer  were 
sufficient  for  all  eight  strips  in  a  cell.  The  entire  operation  was  completed  in  about  1 
minute.  The  cell  cover  was  installed  and  the  power  supply  connected  as  soon  as  the 
buffer  level  rose  to  the  zones  of  application. 

The  power  supply  used^  is  a  regulated  source  and  has  fixed  characteristics.  The 
variability  of  the  regulated  output  is  low  and  was  checked  and  readjusted  during  the 
first  half-hour  of  the  17-hour  run.  What  is  more  important  is  that  the  regulation  applies 
either  to  the  voltage  or  to  the  amperage,  but  not  to  both  simultaneously.  To  achieve 
control  of  this  non-regulated  variable,  a  150,000-ohm  2-watt  “ohmite”  potentiometer 
was  installed  in  series  with  the  red  (positive)  terminal  of  the  power  unit  cell  plug. 
Using  this  device,  along  with  the  control  knob  on  the  power  supply,  simultaneous  con¬ 
trol  of  both  voltage  and  current  levels  was  obtained  within  the  limits  of  the  system. 
Using  a  single  sample,  repeated  runs  were  made  to  determine  the  pattern  formation  at 
85,  125,  180-200,  300,  400,  and  500  volts  at  two  current  levels.  From  this  study,  the 
most  satisfactory  electrical  conditions  were  chosen  and  checked  for  reproducibility. 
Subsequent  determinations  were  always  run  for  17  hours  at  300  volts  and  4-4.5  ma.,  the 
selected  optimum. 

After  electrophoresis,  the  strips  were  immediately  transferred  to  a  preheated  oven 
at  120°  C.,  dried  for  half  an  hour,  and  then  stained.  Of  the  various  dye  methods  tried, 
two  were  singled  out  for  use.  Routinely,  the  strips  were  allowed  to  soak  several  hours  in 
a  0.02  per  cent  solution  of  Nigrosine  (water-soluble)  in  5  per  cent  aqueous  acetic  acid. 
A  water  rinse  removed  much  of  the  excess  dye,  and  a  short  wash  in  dilute  sodium  hypo- 
chloritet  solution  followed  by  a  water  rinse  removed  the  background  color.  A  10  per 
cent  acetic  acid  rinse  (5-10  min.)  can  alternately  be  used  to  lighten  the  background 
color. 

A  saturated  solution  of  Buffalo  Black  NBRt  in  10:1  methanol  acetic  acid  solution, 
to  which  5  per  cent  zinc  acetate  was  added,  was  also  used.  A  series  of  nine  rinses,  of  de¬ 
creasing  dye  concentration  in  methanol,  with  pure  methanol  as  the  last  rinse,  gave 
sharp  blue  bands  on  a  pale  blue  background.  Only  10  minutes  in  the  initial  dye  solu¬ 
tion  were  required.  A  pure  white  background  can  be  obtained  by  rinsing  in  50  per  cent 
aqueous  acetic  acid  solution  or  by  the  “clorox”  bleach  method  described  above. 

RESULTS 

In  the  buffer  system  we  studied,  the  number,  mobility,  and  intensity  of  well-defined 
electrophoretic  components  were  affected  by  variations  in  the  following  technique  fac¬ 
tors:  (1)  dialysis  treatment,  (2)  sample  application,  (3)  voltage-current  conditions, 
and  (4)  staining  procedure.  Figure  1  illustrates  in  part  (A)  the  poorly  resolved,  in- 

*  Spinco  “Duostat”  recommended  for  use  with  the  model  R  unit,  Beckman  Instruments,  Spinco 
Division,  Belmont,  California. 

t  Commercial  “Clorox”  diluted  co.  1  part  to  2000-3000  times. 

t  Buffalo  Black  NBR  purchased  from  National  Aniline  and  Chemical  Co. 
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tensely  stained  patterns  for  undialyzed  samples.  In  part  {B)  a  comparison  of  patterns 
for  a  sample,  undialized  and  dialyzed  48  hours,  shows  the  loss  of  a  component  resulting 
from  prolonged  dialysis.  The  good  reproducibility  of  replicate  runs  is  also  evident. 
Figure  2  shows  patterns  developed  by  the  two  methods  of  sample  application — pipette 
and  striper.  These  determinations  were  made  with  dialyzed  concentrates  of  sample 
previously  run  without  dialysis,  as  shown  in  Figure  1  {A).  The  reproducibility  of  the 
pipette  application  technique  should  be  noted  in  the  duplicates  illustrated,  though  these 
samples  were  run  in  quadruplicate.  Some  dissimilarity  between  the  patterns  developed 
by  each  technique  may  be  recognized. 


Fig.  1.— (i4)  Repeated  runs  with  three  different  undialyzed  samples.  (B)  A  sample  which  frac¬ 
tionated  with  dialysis:  (a)  serum,  (b)  undialized  sample,  (c)  sample  dialized  for  48  hours  (note  loss 
of  band),  (d)  and  (e)  repeated  runs  of  undialyzed  sample. 

In  Figure  3  there  can  be  seen  the  alterations  in  the  patterns  which  result  from 
changes  in  voltage-current  conditions.  In  parts  (/I)  and  (B),  we  note  the  increase  in 
mobility  and  the  concurrent  limitations  imposed  by  increased  amperages.  In  part  (C) 
the  effect  of  voltage  increases  at  constant  current  levels  was  noted. 

From  these  combined  studies,  we  adopted  a  standardized  procedure  for  all  subse¬ 
quent  determinations.  In  preparation  for  electrophoresis,  a  sample  was  dialyzed  against 
distilled  water  overnight  at  4°  and  pervaporated  to  8-10  times  its  original  volume.  A 
20-lambda  aliquot  of  this  concentrate  was  applied  to  a  paper  strip  with  a  micropipette 
and  processed  for  17  hours  at  300  volts  (constant)  at  4-4.5  ma.  The  pattern  was 
developed  with  Nigrosine  stain.  Under  these  conditions.  Figures  4  and  5  illustrate  the 
patterns  obtained  at  two  different  levels  of  stimulation  previously  defined.  For  the  30 
subjects  from  which  parotid  saliva  was  obtained  with  mild  stimulation,  an  average  of 
10  ml.  of  saliva  was  collected  at  a  flow  rate  of  from  0.28  to  0.70  ml/min.  Fifteen  of 
these  are  shown  in  Figure  4.  In  the  group  under  hyperstimulation,  an  average  of  10  ml. 
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Fig.  3. — (i4)  Effect  of  current  and  voltage  (constant)  for  a  single  sample:  1,  200  volts,  1-2.5  ma.; 
2,  200  volts,  S-5.5  ma. ;  3,  300  volts,  4—4.5  ma. ;  4, 300  volts,  8-9  ma. ;  5,  500  volts,  4.5  ma. ;  6,  500  volts, 
9-13  ma.  (B)  Another  sample  run  as  Fig.  3  (A).  (C)  Effect  of  current  (constant)  and  voltage  for  a 
single  sample:  1,  3  ma.,  85  volts;  2,  1.25  ma.,  200  volts;  3,  2.5  ma.,  200  volts;  4,  5  ma.,  200  volts;  5,  5 
ma.,  400  volts  (note  reverse  polarity) . 


of  saliva  was  collected  at  flow  rates  of  from  1  to  5  ml/ min.  The  results  for  15  of  these 
subjects  are  illustrated  in  Figure  5.  The  differences  in  the  number,  mobility,  and  appar¬ 
ent  concentration  of  electrophoretic  components  (intensity  of  stain)  is  observable. 

DISCUSSION 

In  standardizing  the  operational  technique,  we  repeatedly  used  a  single  individual 
sample  to  observe  changes  or  reproducibility.  Eight  to  10  ml.  of  parotid  saliva  obtained 
by  a  single  stimulation  with  lemon  juice  gave  a  sufficient  quantity  of  concentrate  to 


Fig.  2. — Sample  from  Fig.  1  (A)  after  overnight  dialysis,  (a)  and  (6)  are  repeated  runs  of  pipette 
application  of  sample,  (c)  shows  the  stripper  application  of  the  sample. 
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carry  out  15-20  replicate  determinations.  Although  some  salivas  may  occasionally  be 
encountered  which  will  give  good  electrophoretic  patterns  without  dialysis,  for  a  routine 
procedure,  dialysis  is  preferred.  In  general,  undialyzed  samples  showed  poor  resolu¬ 
tion  and  reduced  migration  but  were  intensely  stained.  Prolonged  dialysis  (24-48  hr.) 
against  distilled  water  gave  patterns  with  the  intensity  of  the  stained  zones  generally 
reduced.  In  addition,  dialysis  against  veronal  buffer  did  not  improve  the  results.  There¬ 
fore,  before  concentration,  dialysis  overnight  insures  optimum  resolution  with  a  mini¬ 
mum  loss  of  dye-staining  components. 

Although  Kinersly  and  Leite'"’’  reported  some  fractionation  with  unconcentrated 
samples,  we  favor  the  use  of  a  concentration  of  8-10  times  to  insure  defined  patterns. 


Fig.  S. — Typical  patterns  obtained  with  flow  rates  greater  than  1  ml/min  (hyperstimulation) 
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Samples  initially  clear  often  remain  clear  after  concentration,  whereas  others  tend  to 
become  somewhat  turbid.  This  turbidity  is  not  necessarily  assumed  to  be  the  primary 
result  of  denaturation  but  may  indicate  differences  in  the  solubility  of  salivary  con¬ 
stituents.  Concentration  by  pervaporation  seemed  entirely  satisfactory.  For  a  signifi¬ 
cant  comparison  of  paper  electropherograms  for  diagnostic  purposes,  it  seemed  evident 
to  us  that  a  standard  procedure  for  processing  was  necessary  before  electrophoresis.  We 
adopted  overnight  dialysis  and  concentration  by  pervaporation  as  a  routine  operation. 
Our  results  shown  in  Figures  1  and  2  support  this  contention. 

In  evaluating  the  two  methods  of  sample  application,  we  noted  that  the  striper  gave 
less  broad  bands.  With  pipette  application,  the  resolution  appeared  better,  all  other 
conditions  being  equal  and  optimum.  Furthermore,  with  this  method,  the  patterns 
appear  characteristic  for  individual  salivas.  The  uniformity  of  this  individualistic  pat¬ 
tern  is  shown  in  the  series  of  repeated  runs  illustrated  in  Figure  2.  It  must  be  pointed 
out  that  excellent  patterns  were  obtained  with  the  striper  when  wider  paper  was  used. 
Unfortunately,  the  electrophoresis  unit  used  in  this  study  is  not  constructed  to  accom¬ 
modate  conveniently  strips  of  paper  wider  than  3  cm. 

In  the  illustrations  (Figs.  1  and  2),  the  two  dye  techniques  have  been  shown,  and 
both  appear  equally  effective.  Buffalo  Black  NBR  gives  a  permanent  record,  whereas 
Nigrosine  will  fade  slightly  with  time.  Some  variations  in  staining  with  Buffalo  Black 
NBR  were  observed  with  different  batches  of  the  dye.  The  intensity  of  the  resolved 
zones  differs  with  both  dyes,  the  Nigrosine  appearing  to  be  more  sensitive  in  over-all 
staining. 

The  Nigrosine  stains  the  salivary  material  a  blue-gray  color.  However,  an  interesting 
zone  has  been  noticed  at  or  near  the  origin  in  strips  of  most  samples.  It  is  seen  as  a 
Nigrosine-repellent  white  spot  overlapping  the  regularly  staining  salivary  material. 
This  observation  is  entirely  absent  with  the  Buffalo  Black  NBR  technique.  The  nature 
of  this  component  has  not  yet  been  ascertained  or  previously  reported. 

The  alteration  in  patterns  induced  by  variations  in  the  voltage-current  conditions 
has  been  shown  in  Figure  3.  We  noted  the  increase  in  mobility  and  the  concurrent 
limitations  imposed  by  increased  amperages.  An  increase  in  the  current  from  3  to  13 
ma.  enhanced  the  heating  effect,  promoted  evaporation,  and  therefore  changed  the  pat¬ 
tern.  We  also  observed  the  variations  in  mobility  and  resolution  as  a  function  of  voltage 
at  constant  current  levels.  The  apparent  reversal  of  the  direction  of  migration  of  one  of 
these  zones  is  illustrated.  From  these  studies,  the  optimum  level  of  voltage  and  current 
for  the  best  reproducible  results  were  chosen  as  300  volts  and  4-4.5  ma.  at  constant 
voltage.  These  conditions  were  adopted  for  routine  work. 

The  total  procedure  evolved  was  then  applied  to  the  analysis  of  parotid  saliva 
samples  obtained  from  the  two  groups  of  subjects  differing  in  stimulated  flow  rate. 
Many  of  the  samples  collected  under  hyperstimulation  were  clear,  while  saliva  collected 
over  a  longer  period  of  time  more  often  appeared  cloudy.  This  was  associated  with 
periodic  slippage  of  the  cup  from  the  duct  opening,  requiring  that  it  be  replaced.  This 
cloudiness  was  either  spun  down  or  allowed  to  settle.  Subjects  experienced  no  pain  or 
discomfort  during  or  following  collection,  no  matter  what  the  flow  rate.  The  actual  flow 
was  not  constant,  greatly  increasing  several  seconds  after  the  application  of  the  stimulus. 

With  mild  stimulation,  the  patterns  obtained  showed  varying  degrees  of  electro¬ 
phoretic  separation  (Fig.  4).  For  approximately  70  per  cent  of  this  group,  the  bands 
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obtained  showed  little  or  no  mobility.  In  the  rennainder  of  the  group  a  wide  range  of 
patterns  wzis  observed. 

Electrophoretic  fractionation  was  regularly  observed  in  patterns  of  samples  obtained 
by  hyperstimulation,  as  shown  in  Figure  5.  The  constancy  of  replicate  runs  with  this 
type  of  sample  has  been  noted  (Fig.  2).  There  is  an  obvious  alteration  in  the  electro¬ 
phoretic  pattern  obtained  with  parotid  saliva,  depending  upon  the  rate  of  salivary  flow 
commensurate  with  stimulation.  Since  the  technique  used  was  standardized  and  known 
to  be  reproducible,  there  is  little  doubt  that  the  differences  observed  can  be  attributed 
to  the  rate  of  flow.  The  increased  intensity  of  staining  in  the  high  flow-rate  group  indi¬ 
cates  a  generally  increased  organic  output  concurrent  with  hyperstimulation.  In  har¬ 
mony  with  this,  an  increased  viscosity  was  often  noted  in  such  samples. 

It  is  tempting  to  suggest  that,  under  stimulation,  the  functioning  of  the  parotid 
gland  may  be  reflected  in  the  number  and  distribution  of  the  electrophoretic  com¬ 
ponents.  If  this  is  so,  it  is  not  difficult  to  understand  the  wide  variation  in  reports  of 
the  number  of  components  of  parotid  saliva  given  by  many  previous  investigators.  Be¬ 
cause  of  the  good  reproducibility  of  the  results  in  the  present  study,  it  is  expected  that 
we  can  establish  a  reference  system  either  for  comparison  or  for  independent  quantita¬ 
tion  of  the  patterns.  This  information  may  then  be  valuable  for  significant  diagnostic 
or  clinical  purposes. 

SUMMARY 

A  routine  procedure  for  paper  electrophoresis  has  been  developed  for  parotid  saliva 
in  veronal  buffer,  pH  8.6,  fx.,  0.05.  Samples  were  dialyzed  and  concentrated  by  pervapo- 
ration,  prior  to  analysis.  Electrophoresis  was  carried  out  for  1 7  hours  at  300  volts,  4- 
4.5  ma.  as  constant  voltage,  and  the  strips  were  stained  with  Nigrosine. 

This  standardized  technique  was  checked  for  reproducibility  to  show  the  constancy 
of  the  number  of  fractions  produced  by  electrophoretic  resolution,  the  relative  posi¬ 
tions  of  these  fractions  in  repeated  runs  of  the  sample,  the  total  pattern  picture  charac¬ 
teristic  of  and  obtained  with  each  particular  sample.  While  some  slight  variations  due 
to  staining  were  recognized,  an  entirely  satisfactory  reproducible  technique  has  been 
evolved. 

A  study  of  50  subjects  has  shown  that  a  flow  rate  greater  than  1  ml/min  for  a  single 
parotid  gland  appears  to  be  required  for  adequate  electrophoretic  studies.  This  factor 
appears  to  be  related  to  gland  function  rather  than  to  the  conditions  for  electrophoretic 
analysis,  already  established  as  routine.  Further  investigations  of  these  electrophoretic 
components  are  now  in  progress  in  our  laboratory. 
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whole  Saliva,  Salivary  Sediment,  and  Supernatant 
as  Fermenting  Agents  for  Foods 


DONALD  J.  BECK  and  BASIL  G.  BIBBY 
Eastman  Dental  Dispensary,  Rochester,  New  York 


During  the  course  of  an  investigation  into  the  fermentation  of  foodstuffs  by  saliva  and 
the  development  of  a  new  method  of  measuring  acid  production  in  these  mixtures/  the 
attention  of  the  investigators  was  directed  toward  the  relative  fermentative  capabilities 
of  whole  saliva,  salivary  sediment,  and  supernatant. 

It  had  previously  been  shown  by  Sreebny,  Kirch,  and  Kesel,-  using  pure  sugars  as 
substrate,  that  the  intrinsic  glycolytic  activity  of  saliva  lies  in  the  micro-organisms,  i.e., 
the  enzymes  are  largely  intracellular.  This  finding  was  confirmed  by  Hartles  and  Was- 
dell,’^  again  with  pure  sugar  substrates.  In  addition,  these  latter  investigators  reported 
that,  despite  the  fact  that  the  supernatant  from  centrifuged  saliva  showed  practically 
no  glycolysis  per  se,  the  glycolytic  activity  of  salivary  sediment  in  the  absence  of  super¬ 
natant  was  reduced  considerably  compared  with  that  of  whole  saliva.  They  offered  no 
suggestion  as  to  what  the  mechanism  or  factor  in  the  supernatant  might  be,  which,  al¬ 
though  having  no  intrinsic  glycolytic  powers,  greatly  increased  glycolysis  by  the  organ¬ 
isms. 

In  view  of  the  marked  variations  we  noted  between  fermentations  by  whole  saliva, 
salivary  sediment,  and  supernatant  in  our  early  foodstuff  experiments  and  the  findings 
of  these  authors  with  pure  sugars,  it  was  decided  to  make  some  investigation  of  the 
problem  in  the  present  study.  This  investigation  was  designed  (a)  to  attempt  to  con¬ 
firm  the  findings  of  these  two  groups  of  workers,  using  foods  (thie  normal  bacterial  sub¬ 
strate  in  the  mouth)  rather  than  pure  sugars,  and  (b)  to  make  some  investigation  of 
the  possible  nature  of  the  glycolytic  adjuvant  powers  of  salivary  supernatant. 

The  so-called  periodic  neutralization  technique,^  using  regular  titrations  with  sodium 
hydroxide  during  the  course  of  fermentation,  was  employed  to  measure  the  acid  pro¬ 
duction  in  the  various  test  mixtures. 

EXPERIMENTAL  METHODS 

To  compare  whole  saliva,  salivary  sediment,  and  supernatant,  5  per  cent  suspensions 
of  chocolate  cookie,  salted  cracker,  corn  flakes,  chocolate  ice  cream,  and  banana  were 
produced  in  a  Waring  Blendor.  Three  series  of  30-ml.  samples  of  these  five  food  sus¬ 
pensions  were  prepared,  and  to  each  sample  in  the  first  series  was  added  10  ml.  of 
whole,  paraffin-stimulated,  pooled  saliva.  For  the  other  two  series,  whole  saliva  from 
the  same  pool  was  centrifuged  for  30  minutes  at  9000  rpm,  sediment  and  supernatant 


This  investipation  was  supported  in  part  by  a  U.S.P.H.S.  research  grant,  D-607,  from  the  National 
Institute  of  Dental  Research,  National  Institutes  of  Health. 

Received  for  publication  September  6,  1960. 


479 


480  BECK  AND  BIBBY 


J.  D.  Res.  May-June  1961 


separated,  and  each  made  up  to  the  original  volume  of  the  sample  with  distilled  water. 
The  second  series  employed  10  ml.  of  the  suspension  of  salivary  sediment  thus  formed 
in  each  sample,  and  the  third  series  employed  10  ml.  of  the  salivary  supernatant.  Con¬ 
trols  consisting  of  distilled  water  plus  whole  saliva,  distilled  water  plus  sediment,  and 
distilled  water  plus  supernatant  were  set  up.  pH  readings  were  taken  for  each  sample, 
and  they  were  then  incubated  at  37°  C.  for  a  total  of  6  hours,  with  intermittent  manual 
agitation.  At  the  end  of  each  hour  of  fermentation  the  pH  was  checked,  and  the  mix¬ 
tures  were  titrated  back  to  the  original  pH  with  0.1  N  sodium  hydroxide,  using  a  pH 
meter*  to  check  the  end-point  of  the  titration.  The  sum  of  the  six  hourly  titrations  was 
taken  as  the  total  acid  production  in  the  mixtures. 

A  96-hour  adaptation  of  this  periodic  neutralization  technique  with  one  food  (salted 
cracker)  was  also  employed  to  compare  the  fermentative  capacities  of  whole  saliva  and 
sediment.  Each  day  of  the  fermentation  the  samples  were  titrated  at  the  end  of  the 
first,  second,  third,  fourth,  fifth,  sixth,  twelfth,  and  twenty-fourth  hour.  The  fermenta¬ 
tion  mixtures  consisted  of  30  ml.  of  a  5  per  cent  food  suspension  with  5  ml.  of  saliva,  or 
the  sediment  of  5  ml.  of  saliva,  made  up  to  5  ml.  with  distilled  water. 

In  an  attempt  to  explain  the  reduced  acid  production  observed  when  foodstuffs  were 
fermented  with  salivary  sediment,  as  compared  with  whole  saliva  fermentations,  two 
properties  of  whole  saliva  were  investigated — those  of  buffering  activity  and  of  amylase 
activity.  Either  one  or  both  of  these  properties,  being  removed  with  the  supernatant, 
might  explain  the  reduced  acid  production  from  sediment. 

A  definite  difference  in  buffering  capacity  between  whole  saliva  and  salivary  sediment 
was  demonstrated  when  20-ml.  samples  of  whole  saliva,  sediment,  and  supernatant 
were  titrated,  with  regular  0.5-ml.  increments,  with  0.01  N  sodium  hydroxide.  The  pH 
was  recorded  after  each  increment.  A  similar  process  was  carried  out  with  another 
series  of  samples,  using  0.01  N  lactic  acid.  When  the  curves  so  obtained  were  plotted 
together,  the  buffering  capacities  of  these  three  salivary  samples  could  be  demonstrated. 

In  order  to  test  the  hypothesis  that  reduced  amylase  or  buffering  activity  might 
reduce  acfd  production  from  sediment  during  fermentation,  an  experiment  to  check  the 
effect  of  the  addition  of  artificial  amylase  and  buffers  to  salivary  sediment  was  run.  The 
test  foodstuff  used  was  salted  cracker,  in  the  proportion  of  30  ml.  of  a  5  per  cent  sus¬ 
pension  to  5  ml.  of  saliva  or  other  fermenting  agent.  To  give  a  basis  for  comparison, 
samples  consisting  of  food  plus  whole  saliva  and  food  plus  sediment  suspended  in 
normal  saline  were  used.  An  amylase  activity  which  theoretically  should  have  approxi¬ 
mated  that  of  whole  saliva  was  achieved  with  one  sample  by  the  addition  of  5  mg.  of 
amylaset  to  sediment  suspended  in  saline.  A  test  of  the  combined  effect  of  artificial 
amylase  and  buffering  was  made  by  adding  5  mg.  of  amylase  to  sediment  suspended  in 
a  “synthetic  saliva”  basically  similar  to  the  calcifying  solution  of  Burger,  Lavine, 
Deane,  and  Sobel.^ 

Further  tests  were  made  in  this  experiment  to  determine  whether  the  low  acid  pro¬ 
duction  by  sediment  could  be  accounted  for  by  osmotic  shock  to  the  organisms  by  the 
suspension  of  the  sediment  in  distilled  water  (a  technique  which  had  been  used  in  the 
earlier  experiments)  or  by  a  physical  effect  of  centrifugation.  To  study  the  possibility 

*  Beckman  Model  M  Glass  electrode  43509. 

t  “Taka-Diastase,”  Parke,  Davis  and  Co.,  Detroit,  Michigan. 
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of  osmotic  shock  to  the  cells,  a  sample  composed  of  food  plus  sediment  suspended  in 
distilled  water  was  set  up,  and,  to  test  the  theory  that  some  physical  effect  during  cen¬ 
trifugation  might  have  been  involved,  another  sample  employed  saliva  that  was  recon¬ 
stituted  by  remixing  sediment  and  supernatant.  Controls  used  in  this  experiment  con¬ 
sisted  of  water  plus  whole  saliva,  water  plus  sediment,  food  plus  amylase,  and  food 
plus  buffer  plus  amylase. 

RESULTS 

The  comparison  of  whole  saliva,  salivary  sediment,  and  supernatant  as  fermenting 
agents  is  shown  in  Table  1  and  Figure  1.  The  salivary  fermenting  agents  plus  water 
controls  showed  no  significant  change  in  pH.  From  these  results  it  can  be  seen  that 
whole  saliva  brought  about  the  most  rapid  and  complete  acid  production  in  all  cases. 

TABLE  1* 

Comparison  of  Acid  Production  from  Five  Foods  Fermented  for  6 
Hours  with  Whole  Saliva,  Salivary  Sediment,  and  Supernatant 
—Periodic  Neutralization  Technique 


Titkatable  Acidity  (Ml.  0.1  N  NaOH) 


Chocolate 

Cookie 

Salted 

Cracker 

Com 

Flakes 

Chocolate 
Ice  Cream 

Banana 

Whole  saliva . 

10.9 

19.1 

15.8 

15.5 

Salivary  sediment .... 

2.3 

3.3 

mnm 

5.4 

0.8 

Salivary  supernatant. . 

2.1 

3.9 

■a 

3.9 

2.5 

*  Each  figure  in  this  table  represents  the  sum  of  six  hourly  titrations. 


ML.  0.1  N  NAOH 


Fig.  1. — Relative  effectiveness  of  whole  saliva  (A),  salivary  sediment  (B),  and  salivary  supernatant 
(C)  in  fermenting  five  representative  foods.  Acid  production  measured  by  the  periodic  neutralization 
technique  with  hourly  titrations  for  a  total  of  6  hours. 
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The  results  achieved  with  salivary  sediment  as  the  fermenting  agent  show  that,  al¬ 
though  acid  production  commenced  simultaneously  with  sediment  and  whole  saliva, 
considerably  less  acid  was  produced  during  fermentation  with  the  former  agent  than 
with  the  latter.  This  suggests  the  presence  of  a  glycolytic  adjuvant  in  salivary  super¬ 
natant. 


During  the  first  3-4  hours  of  the  fermentation  with  supernatant,  little  or  no  acid 
was  produced  from  any  of  the  substrates.  This  is  in  agreement  with  the  results  of  earlier 
workers  and,  presuming  that  the  enzymes  are  largely  intracellular,  is  to  be  expected. 
During  this  time  lag,  however,  proliferation  of  the  few  bacteria  unavoidably  left  in  the 
supernatant  after  centrifugation  was  occurring.  In  the  later  stages  of  fermentation,  this 
increase  in  bacterial  population  was  reflected  in  measurable  acid  in  the  culture.  Once 
this  period  was  reached,  acid  production  in  supernatant  was  greater  than  that  in  sedi¬ 
ment,  again  suggesting  that  some  stimulatory  agent  was  removed  as  part  of  the  super¬ 
natant  in  the  production  of  sediment. 


TABLE  2 


Acid  Production  from  Fermentation  of  Salted  Cracker  with  Whole  Saliva 
AND  Salivary  Sediment  over  96-Hour  Period— Periodic  Neutralization 
Technique  with  Eight  Titrations  Each  Day 


Day  1 
Day  2 
Day  3 


Titratable  Acidity 
(Ml.  O.I  N  NaOH) 

Titratable  Acidity 
(Ml.  0.1  N  NaOH) 

Cracker-(- 
Whole  Saliva 

Cracker-(- 

Sediment 

Cracker+ 
Whole  Saliva 

Cracker-f 

Sediment 

25.1 

19.3 

18.4 

15.9 
13.1 

11.9 

Day  4 . 

Total  acid 
production. . 

21.8 

8.2 

84.6 

49.1 

The  96-hour  adaptation  of  the  periodic  neutralization  technique  produced  results 
which  are  summarized  in  Table  2.  The  figures  in  this  table  represent  the  sum  of  eight 
titrations  carried  out  in  each  24-hour  period.  Under  these  experimental  conditions, 
using  salted  cracker  as  substrate,  whole  saliva  is  again  seen  to  be  more  efficient  in  acid 
production  than  sediment  alone. 

Curves  demonstrating  the  buffering  capacities  of  whole  saliva,  sediment,  and  super¬ 
natant  are  shown  in  Figure  2.  Whole  saliva  and  supernatant  are  shown  to  have  very 
similar  buffering  capacities,  but  salivary  sediment  has  little  buffering  capacity  in  either 
the  acid  or  the  alkaline  range. 

Experimental  results  of  the  investigation  of  the  various  factors  which  were  con¬ 
sidered  to  play  some  part  in  the  reduction  of  acid  production  by  salivary  sediment  as 
compared  with  whole  saliva  are  presented  in  Table  3  and  Figure  3.  The  addition  of 
amylase  to  sediment  tended  to  give  a  slight  increase  in  acid  production  over  that 
recorded  with  sediment  alone.  The  addition  of  buffers  in  the  form  of  “synthetic  saliva,” 
as  well  as  amylase,  again  gave  a  slight  boost  to  acid  production.  However,  in  neither 
case  did  acid  production  approach  that  achieved  with  whole  saliva.  From  the  similarity 
of  the  diagrams  for  sediment  in  saline  and  sediment  in  water,  we  can  conclude  that 
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osmotic  shock  from  the  suspension  of  the  organisms  in  water  is  not  an  important  factor. 
The  very  similar  diagrams  for  whole  saliva  and  reconstituted  saliva  suggest  that  the 
process  of  centrifugation  does  not  physically  affect  the  metabolic  activity  of  the  organ¬ 
isms  in  the  salivary  sediment. 


NAOH-ML.  LACTIC  ACID- ML- 


Fig.  2. — Buffering  capacities  of  whole  saliva,  salivary  sediment,  and  supernatant  demonstrated 
by  titration  with  NaOH  and  lactic  acid. 


ML.  0.1  N  NA  OH 

Fig.  3. — Acid  production  from  salted  cracker  by  varicus  salivary  fermenting  agents.  Periodic 
neutralization  technique,  with  hourly  titrations  for  a  total  of  6  hours. 
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Only  one  of  the  control  tests  (food  plus  amylase)  showed  any  significant  change 
in  pH,  and  this  was  almost  certainly  due  to  bacterial  contamination  early  in  the 
experiment,  probably  from  the  electrodes  of  the  pH  meter. 

DISCUSSION 

Our  investigations  into  the  relative  fermentative  capacities  of  whole  saliva,  sediment, 
and  supernatant  for  foods  have,  on  the  whole,  confirmed  the  findings  reported  with 
pure  sugars.  Acid  production  commenced  simultaneously  with  whole  saliva  and,  in 
reduced  amounts,  with  sediment,  whereas  acid  production  with  supernatant  was  de¬ 
layed  several  hours.  This  suggests  that  the  intrinsic  glycolytic  activity  of  saliva  is  lo¬ 
cated  in  the  sediment  (the  micro-organisms).  Support  is  also  given  in  this  study  for 

TABLE  3 

Acid  Production  from  Salted  Cracker  by  Various  Salivary  Fermenting 
Agents— Periodic  Neutralization  Technique 


Titbatable  Acidity  (Ml.  0.1  N  NaOH) 


Titbation  at 

Food-(- 

Whole 

Saliva 

Food-(- 

Sediment 

in 

Saline 

Foodd- 

Sediment 

in 

Saline-H 

Taka- 

Diastase 

Food+ 
Sediment 
in  Synth. 
Saliva-i- 
Taka- 
Diastase 

Food+ 

Sediment 

in 

Water 

Food+ 

Recon- 

stituted 

Saliva 

Hour  1 . 

0.75 

0.6 

0.5 

0.7 

Hour  2 . 

1.0 

0.8 

0.6 

1.2 

Hour  3 . 

2.0 

0.8 

0.7 

2.0 

Hour  4 . 

2.6 

0.75 

1.1 

1.4 

0.9 

3.4 

Hour  5 . 

3.7 

1.1 

1.2 

1.7 

0.9 

3.6 

Hour  6 . 

3.8 

1.2 

1.6 

1.6 

1.3 

3.9 

Total  acid  production .... 

13.9 

4.6 

5.4 

6.9 

4.9 

14.8 

the  concept  of  Hartles  and  WasdelP  that  salivary  supernatant  contains  an  adjuvant, 
in  the  absence  of  which  the  metabolic  processes  are  greatly  retarded.  These  workers® 
also  found,  as  we  did,  that  the  reconstitution  of  saliva  after  centrifugation  restored 
its  activity. 

Our  efforts  to  identify  the  adjuvant  in  supernatant  are  inconclusive.  We  must 
conclude  either  that  amylase  and  buffering  are  not  the  sole  factors  involved  or  that 
our  artificial  additions  did  not  adequately  imitate  these  factors  as  they  occur  in  whole 
saliva.  This  experiment  may  have  been  too  limited,  testing  as  it  did  just  one  amylase 
sample  and  one  buffering  system.  It  might  be  rewarding  if  attempts  were  made  to  find 
artificial  supplements  to  sediment  that  were  more  representative  of  the  naturally  occur¬ 
ring  systems  in  whole  saliva  by  testing  the  effect  of  different  amylase  samples  in 
different  concentrations  and  the  effect  of  different  buffering  systems. 

SUMMARY 

The  relative  fermentative  capabilities  of  whole  saliva,  salivary  sediment,  and  sali¬ 
vary  supernatant  upon  foods  were  examined,  using  the  periodic  neutralization  tech¬ 
nique.  In  no  case  did  sediment  or  supernatant  produce  as  much  acid  as  did  whole 
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saliva.  The  intrinsic  glycolytic  activity  of  saliva  was  shown  to  rest  in  the  sediment,  but 
the  supernatant  appeared  to  contain  some  adjuvant  which  increased  the  glycolytic 
potential  of  the  organisms.  In  an  effort  to  identify  this  adjuvant,  artificial  amylase  and 
buffer  systems  were  added  to  salivary  sediment.  While  boosting  acid  production,  these 
artificial  additions  were  not  so  effective  as  natural  supernatant  in  restoring  sediment  to 
the  full  glycolytic  activity  of  whole  saliva. 
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Acid  Production  during  the  Fermentation 
of  Starches  by  Saliva 


DONALD  J.  BECK  and  BASIL  G.  BIBBY 
Eastman  Dental  Dispensary,  Rochester,  New  York 


It  is  generally  agreed  that  the  bacterial  breakdown  of  carbohydrate-containing  food¬ 
stuffs  into  organic  acids  is  of  primary  importance  in  the  causation  of  dental  caries.  It 
follows  that  attempts  at  rating  foodstuffs  in  their  importance  in  caries  causation  may 
take  into  account  the  speed  and  amount  of  acid  they  produce  on  fermentation  by  mouth 
bacteria. 

Although  earlier  investigators  used  acid  production  as  a  means  of  comparing  foods, 
there  has  been  only  one  recent  attempt  to  compare  acid  production  from  a  large  num¬ 
ber  of  foodstuffs.  In  this  Bibby,  Goldberg,  and  Chen^  mixed  5  cc.  of  paraffin-stimu¬ 
lated  saliva  and  5  cc.  of  3  per  cent  food  suspension  and  titrated  for  total  acidity  with 
0.1  N  sodium  hydroxide  after  4  and  24  hours  of  incubation  at  37.5°  C.  The  range  of 
values  obtained  for  the  105  foods  tested  was  relatively  narrow,  e.g.,  at  4  hours,  the 
values  ranged  from  0.6  to  3.3  cc.,  with  the  majority  between  1.0  and  2.0  cc.;  at  24 
hours,  the  range  was  1.0-3. 7  cc.,  with  the  majority  between  1.5  and  3.0  cc. 

The  technique  of  Bibby,  Goldberg,  and  Chen  can  be  criticized  because  it  does  not 
allow  fermentation  to  go  to  completion.  During  the  first  few  hours  of  the  fermentation 
process  the  pH  falls  to  levels  of  4  or  5,  at  which  stage  further  fermentation  is  inhibited 
before  all  the  available  carbohydrate  has  been  utilized  by  the  bacteria.  It  seems  unlike¬ 
ly  that  this  situation  would  obtain  in  the  mouth,  because  the  dental  plaque,  the  clear¬ 
ance  of  saliva  and  food  debris,  and  dissolution  of  tooth  salts  may  prevent  the  existence 
of  low  pH  conditions  for  prolonged  periods.  Thus,  theoretically,  for  as  long  as  food  is 
retained  in  the  mouth,  fermentation  and  acid  production  may  continue.  Therefore,  it 
seems  that  a  measurement  of  acid  production  from  foodstuffs  under  conditions  more 
closely  resembling  those  prevailing  in  the  mouth  would  give  more  meaningful  results. 
This  paper  reports  results  obtained  with  a  periodic  neutralization  technique  which  pro¬ 
vides  a  continuing  environment  with  a  favorable  pH  for  acid  production. 

MATERIALS  AND  METHODS 

In  the  periodioc  neutralization  technique  a  pH  suitable  for  bacterial  fermentation 
was  maintained  by  repeatedly  titrating  the  test  mixtures  of  food  and  saliva  back  to  the 
original  pH,  using  0.1  N  sodium  hydroxide  and  a  Beckman  pH  meter.*  The  sum  of  the 
individual  titrations  was  taken  to  represent  the  total  acid  production. 


This  investigation  was  supported  in  part  by  a  research  grant,  D-607,  from  the  National  Institute 
of  Dental  Research,  National  Institutes  of  Health,  and  in  part  by  the  American  Chicle  Company. 
Received  for  publication  September  6, 1960. 

♦  Model  M  with  glass  electrode  No.  43S09. 
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A  comparison  of  the  periodic  neutralization  technique  and  the  single  terminal  neu¬ 
tralization  technique  was  made  by  using  chocolate  cookie,  salted  cracker,  corn  flakes, 
chocolate  ice  cream,  and  fresh,  ripe  banana  (30  ml,  of  5  per  cent  food  suspension  plus 
10  ml.  of  paraffin-stimulated,  pooled  saliva).  One  series  of  samples  was  titrated  to 
neutrality  at  hourly  intervals  for  6  hours,  and  another  series  of  samples  was  neutralized 
only  at  the  end  of  the  6-hour  fermentation.  The  results  of  this  preliminary  investiga¬ 
tion  indicated  that,  although  hourly  neutralization  resulted  in  greater  acid  production 
than  did  terminal  neutralization,  all  the  substrate  was  still  not  being  used.  A  modified 
procedure  was  therefore  adopted  in  which  the  fermentation  was  continued  for  48  hours, 
with  additional  titrations  at  12,  24,  and  48  hours. 

In  this  modified  form,  the  periodic  neutralization  technique  was  employed  to  investi¬ 
gate  the  relative  acid-forming  potentialities  of  29  flours.  These  were  as  follows:  Wheat 
— bleached  enriched  flour,  natural  unbleached  flour,  whole-wheat  (graham)  flour,* 
wheat  germ.  Corn — corn  starch,  yellow  corn  meal.*  Rice — extra-long-grain  polished 
rice,  natural  brown  long-grain  rice,  “Minute”  rice,  wild  rice,*  native  (Amazon  Valley, 
Brazil)  rice.  Rye — whole  rye  flour.*  Oats — oat  flour,*  “Scotch”  oatmeal.  Barley — 
medium  j>earled,  large  pearled.  Legumes — green  split  peas,  yellow  split  peas,  baby  lima 
beans,*  red  kidney  beans,*  jumbo  lentils.*  Tapioca  starch — pearl  tapioca,  Farinha  seca 
(Brazil),  Farinha  d’agua  (Brazil).  Edible  pastes — macaroni,  spaghetti,  egg  noodles. 
Miscellaneous — full  fat  soy  flour,  potato  starch.  The  controls  used  were  sucrose,  glu¬ 
cose,  and  distilled  water. 

All  test  samples  were  brought  to  a  particle  size  which  would  pass  U.S.  Standard  Sieve 
No.  80  (0.177-mm.  mesh)  but  would  be  retained  by  U.S.  Standard  Sieve  No.  200 
(0.074-mm.  mesh).  Where  indicated,  milling  was  done  in  the  laboratory  with  an  elec¬ 
tric  mortar.f 

The  fermentation  mixtures  consisted  of  1.5  gm.  flour  suspended  in  30  ml.  of  water 
(5  per  cent  suspension)  to  which  was  added  5  ml.  of  paraffin-stimulated  saliva  pooled 
from  eight  individuals.  The  sucrose  and  glucose  controls  consisted  of  1.5  gm.  of  the 
reagent  grade  sugars  dissolved  in  30  ml.  of  distilled  water  and  in  5  ml.  of  saliva.  The 
distilled-water  control  consisted  simply  of  30  ml.  of  distilled  water  and  5  ml.  of  saliva. 

Before  fermentation  was  commenced,  the  pH  values  of  the  flour  suspensions  and  the 
flour  suspensions  plus  saliva  were  recorded.  In  four  cases  (the  two  farinha  samples  and 
the  two  barley  samples),  where  the  original  pH  of  the  flour  plus  saliva  was  less  than 

6.8,  the  mixtures  were  adjusted  to  this  arbitrary  level  of  6.8  with  a  few  drops  of  sodium 
hydroxide,  and  in  all  subsequent  titrations  these  four  mixtures  were  readjusted  to  pH 

6.8.  All  other  samples  produced  pH  values  in  the  range  6.9-7 .8  without  further  adjust¬ 
ment  when  the  saliva  was  added  to  the  flour  suspension,  and,  in  each  case,  it  was  to  this 
original  value  to  which  the  mixtures  were  titrated  during  the  course  of  fermentation. 

The  samples  were  incubated  at  37°  C.  in  a  water  bath  and  shaken  vigorously 
throughout  the  fermentation  period.  Titrations  with  0.1  N  sodium  hydroxide  were 
carried  out  after  1,  2,  3,  4,  5,  6,  12,  24,  and  48  hours,  using  a  Beckman  pH  meter  to 
determine  the  end  point. 

♦  Whole-grain  flours.  Samples  either  claimed  by  the  manufacturer  on  the  package  to  be  milled  from 
whole  grain  or  actually  milled  from  whole  grain  in  this  laboratory. 

t  Crescent  Heavy  Duty  Wig-L-Bug  No.  6.  Crescent  Dental  Manufacturing  Co.,  Chicago  23.  Illinois. 
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Subjective  findings  on  the  degree  of  odor  of  putrefaction  in  the  48-hour  cultures, 
which  was  found  to  vary  considerably  from  culture  to  culture,  were  recorded. 

RESULTS 

Acid  formation  in  five  food/saliva  mixtures,  measured  by  the  periodic  and  terminal 
neutralization  techniques,  are  presented  in  Figure  1,  A  control  test  of  water  and  saliva 
showed  no  appreciable  change  in  pH  during  the  6-hour  fermentation  period.  All  other 


ML.  0.1  N  NAOH 

Fig.  1. — Comparison  of  the  periodic  neutralization  technique  (hourly  titrations  with  0.1  N  NaOH) 
and  the  terminal  neutralization  technique  (single  terminal  titration  with  0.1  N  NaOH)  for  measuring 
acid  production  during  6-hour  fermentations  of  five  food/saliva  mixtures. 

tests  showed  measurable  acid  production.  Samples  subjected  to  periodic  neutralization 
yielded  two  to  three  times  as  much  acid  as  did  those  neutralized  only  at  the  end  of 
fermentation  (Table  1). 

The  amounts  of  titratable  acid  formed  by  29  flours  and  2  pure  sugar  controls,  fer¬ 
mented  with  saliva,  are  shown  in  Figure  2.  The  distilled  water  plus  saliva  control 
showed  no  significant  change  in  pH  during  the  course  of  fermentation. 

DISCUSSION 

The  most  striking  findings  are  the  very  wide  spread  in  values  for  acid  production 
from  the  various  test  substances  and  the  relatively  low  acid  production  from  sucrose 
and  glucose. 

The  acid-production  figures  for  the  flours  indicate  that,  in  flours  derived  from  any 
one  grain,  acid  production  was  greater  with  the  less  refined  product.  This  can  be  seen 
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TABLE  1 


Periodic  Neutralization  Technique  and  Terminal  Neutralization  Tech¬ 
nique  FOR  Measuring  Acid  Production  during  Fermentation 
OF  Five  Food/Saliva  Mixtures 


Tit«atable  Acidity  (Ml.  0.1  N  NaOH) 


Pebiodic  Neutbauzation 
Technique 


Titration  at: 

Hour  1 . 

Hour  2 . 

Hour  3 . 

Hour  4 . 

Hour  5 . 

Hour  6 . 

Total  of  six  titrations. 

Terminal  neutralization  tech 
nique: 

Titration  at  hour  6 . 


Chocolate 

Cookie 


WHEAT  CCKM 
COWN 

COWN  $TAKCH 
YELLOW  CORN  MEAL 
RICE 

LONG  GRAIN,  ROLlSNEO 
LONG  GRAIN,  BROWN 


NATIVE  RICE,  BRAZIL 

fill 

WHOLE  RYE  FLOUR 
OATt 

WHOLE  OAT  FLOUR 
SCOTCH  OAT  MEAL 
BARLEY 

MEDIUM  PEARLED  BARLEY 
LARGE  PEARLED  BARLEY 
LEBUMES 


GREEN  SPLIT  PEAS 


LENTILS 

TAPIOCA  STARCH 
PEARL  TAPIOCA 
FARINHA  SCCA  (BRAZIL) 
FARINHA  D'ACUA  (BRAZIL) 
EDIBLE  PASTE* 
MACARONI 
SPAGHETTI 
EGG  NOODLES 

MISCELLANEOUS 
FULL  FAT  SOY  FLOUR 

potato  starch 

CONTROLS 

SUCROSE 


hours  1  I  Y///yA 

O-S  SHE  12-24  24-4B 


ML.  0.1  N  NAOH 


Fig.  2. — Acid  production  during  the  fermentation  of  starchy  foods  with  saliva.  Periodic  neutraliza¬ 
tion  technique  with  hourly  titrations  with  0.1  N  NaOH  for  the  first  6  hours  and  titrations  at  the  end 
of  12,  24,  and  48  hours. 
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most  clearly  in  the  results  for  the  two  corn  products  and  for  polished  rice  and  natural 
brown  rice.  These  results  suggest  that  some  substance  or  substances  may  be  present  in 
whole-grain  materials  that  stimulate  bacterial  metabolism.  The  similar  acid  production 
from  white  flour  and  whole-wheat  (graham)  flour  appears  to  contradict  the  hypothesis 
that  acid  production  decreases  with  increasing  refinement.  However,  since  the  white 
flour  used  was  commercially  “enriched”  by  the  addition  of  approximately  the  same 
amounts  of  thiamine,  niacin,  riboflavin,  and  iron  as  is  contained  in  100  per  cent  whole 
wheat,  it  could  be  argued  that  one  or  all  of  these  four  substances  could  have  increased 
its  suitability  as  a  medium  for  acidogenic  organisms. 

Low  acid  production  in  the  later  stages  of  the  fermentation  of  wheat  germ,  lima 
beans,  red  kidney  beans,  and  soy  flour  suggest  that  all  available  carbohydrate  was 
utilized.  This  theory  is  substantiated  by  the  very  high  acid  production  in  the  early 
stages  of  fermentation,  the  relatively  low  initial  per  cent  carbohydrate  values  for  these 
foods,  and  the  presence  of  putrefactive  odor  at  48  hours  (suggesting  that  proteolysis 
had  become  the  predominant  metabolic  process).  Negative  findings  for  putrefactive 
odor  were  recorded  in  all  other  tests  except  yellow  split  peas,  where  the  odor  was 
doubtful. 

The  fact  that  our  fermentation  mixtures  of  saliva  and  farina  and  barley  were  suffi¬ 
ciently  acid  that  it  was  deemed  necessary  to  buffer  them  to  pH  6.8  before  incubation, 
so  as  to  provide  a  reaction  which  would  not  be  unfavorable  for  bacterial  growth  and 
fermentation,  has  a  bearing  on  the  significance  of  acid  foods  in  caries  causation.  If,  in 
the  mouth,  acidic  foods,  including  fruit  juices  and  carbonated  beverages,  must  be  par¬ 
tially  neutralized  by  saliva  before  they  can  undergo  active  fermentation,  it  seems  likely 
they  would  at  the  same  time  be  diluted  or  washed  away  by  the  saliva,  and  thus  their 
harmful  effect  on  the  teeth  would  have  to  depend  primarily  on  their  inherent  acidity 
rather  than  on  the  formation  of  new  acid  by  bacterial  fermentation. 

The  low  acid-production  figures  recorded  for  the  sucrose  and  glucose  controls  need 
comment.  The  explanation  may  rest  in  the  fact  that  the  reagent  grade  sugars  provided 
a  poorer  culture  medium  than  did  the  grains  and  starches  and  that  the  lower  bacterial 
growth  reflected  itself  in  lower  acid  production. 

It  is  logical  to  ask  whether  the  higher  acid  production  from  unrefined  foods  indicates 
that  they  are  more  cariogenic  than  the  more  refined  foods,  which  produce  less  acid. 
Such  a  conclusion  is  contrary  to  the  clinical  evidence  showing  low  caries  incidence  in 
peoples  living  on  unrefined  foods  (Shaw^)  and  is  not  in  keeping  with  the  findings  of 
Osborn,  Noriskin,  and  Staz,®  who  found  that  refined  sugar  and  cereal  products  incu¬ 
bated  with  saliva  produced  more  tooth  decalcification  than  did  corresponding  unrefined 
products.  The  suggestion  of  the  latter  authors  that  the  unrefined  products  contained  a 
“protective  agent”  which  interfered  with  decalcification  has  been  supported  by  the 
work  of  Osborn^  and  Jenkins,  Forster,  Speirs,  and  Kleinberg^  and  in  our  laboratories.® 
These  indications  that  enamel  decalcification  might  be  modified  by  agents  contained  in 
foods  make  it  possible  to  reconcile  the  findings  reported  here  with  those  of  other  au¬ 
thors.  They  also  suggest  the  desirability  of  using  direct  measurements  of  enamel  decal¬ 
cification  as  an  index  of  the  cariogenicity  of  foods  rather  than  depend  on  acid  produc¬ 
tion  or  other  less  direct  methods.  Although  the  amount  of  decalcification  that  a  food¬ 
stuff  produces  is  probably  related  to  the  amount  of  acid  produced  during  fermentation, 
the  relationship  does  not  appear  to  be  a  simple  one. 


£ 


Vol.  40,  No.  3 


FERMENTATION  OF  STARCHES  BY  SAUVA  491 


SUMMARY 

Measurement  of  acid  production  by  single  or  repeated  neutralization  showed  much 
greater  acid  production  in  the  latter  system.  The  acid  production  from  29  hours  was 
examined  by  means  of  the  periodic  neutralization  technique.  Large  variations  were 
found  between  the  flours,  with  acid  production  generally  being  greater  with  whole- 
grain  flours  than  with  the  more  refined  flours.  The  existence  of  some  “protective  fac¬ 
tor”  in  whole-grain  flours,  reducing  their  decalcifying  potential,  was  suggested. 
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The  influence  of  the  examination  method  and  the  precision  of  the  examiner  on  data  col¬ 
lected  in  clinical  examinations  are  important  to  all  investigators  in  clinical  studies  of 
caries.  The  Vipeholm  Dental  Caries  Study^  reported  a  comparison  of  examiners  after 
they  had  been  trained  to  use  common  diagnostic  methods.  The  precision  of  the  exam¬ 
iners  has  also  been  investigated.  Slack,  Jackson,  James,  and  Lawton^  compared  the 
results  of  clinical  examinations  of  four  examiners  made  before  and  after  the  establish¬ 
ment  of  specific  diagnostic  criteria.  A  study  reported  in  the  International  Symposium 
on  Clinical  Estimation  of  Caries  Incidence  and  Increments,  September,  1959,®  showed 
the  effect  of  seven  independent  examiners  on  the  observed  data  in  a  clinical  study;  no 
attempt  was  made  to  standardize  the  analysis  of  the  data  obtained  by  each  examiner. 
In  all  these  studies,  considerable  variation  in  diagnosis  was  observed  when  different 
examiners  examined  the  same  individuals. 

The  present  study  compares  data  obtained  by  two  examiners  who  used  different 
methods  of  clinical  examination  on  the  same  group  of  subjects.  Examiner  A  used  a 
slow  method  of  examination  for  the  visual  diagnosis  of  caries.  Examiner  B  used  a  more 
rapid  method  for  his  clinical  examination.  Since  each  examiner  was  experienced  in 
applying  his  method  of  diagnosis,  no  attempt  was  made  to  alter  or  control  the  precision 
of  the  examiners. 

It  is  well  known  that  caries  prevalence  as  measured  by  different  examiners  will  vary. 
The  purpose  of  this  study  was  to  evaluate  two  methods  of  examination  for  their  influ¬ 
ence  on  the  caries  increment.  The  data  obtained  by  each  examiner  were  analyzed  in 
the  same  manner. 

EXPERIMENTAL  METHODS 

The  one  hundred  and  eleven  Sophomore  dental  students  used  as  subjects  received  a 
dental  prophylaxis  during  the  week  preceding  each  examination.  Two  examinations,  a 
year  apart,  made  on  each  subject  included  a  clinical  examination  by  each  of  the  two 
examiners  and  four  bite- wing  radiographs  (two  posterior  films  on  either  side  of  the 
mouth).  Following  each  examination  period  the  radiographs  were  read  by  the  examin¬ 
ers,  and  the  observations  recorded  in  red  pencil  to  supplement  the  visual  diagnosis  of 
interproximal  lesions  in  posterior  teeth.  The  time  used  in  the  clinical  examination  was 
recorded  for  each  examiner.  Each  examiner  used  the  examination  technique  he  had 
been  accustomed  to  using  for  many  years,  and  each  used  his  own  instruments. 

Examiner  A  used  a  conventional  dental  light,  sharpened  sickle  exploring  points,  an 
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air  blast,  and  separation  in  the  anterior  teeth  whenever  he  felt  it  was  necessary.  His 
average  time  for  the  oral  visual  examination  was  5.3  minutes  per  subject.  Examiner  B 
used  an  intra-oral  illuminated  mirror  and  #5  unsharpened  explorers.  His  average  time 
was  1.9  minutes  per  subject.  The  same  type  of  examination  form  was  used  by  both 
examiners  to  record  the  findings.  The  second  examination  was  recorded  without  refer¬ 
ence  to  the  data  of  the  first  examination,  in  order  to  obtain  indep>endence  of  observa¬ 
tions.  The  only  changes  made  after  all  data  were  recorded  were  changes  involving 
tooth  designation.  The  necessity  for  these  changes  was  caused  by  the  early  loss  of  the 


TABLE  1 

Decayed,  Missing,  or  Filled  Teeth 


Slow  Examination 

Fast  Examination 

Total 

Visual 

X-Ray 

Total 

Visual 

X-Ray 

DM  FT  1958  (av.) . 

17.95 

17.67 

0.29 

14.32 

1.47 

Increments  1958-59  (av.)  . 

0.88 

Standard  deviation . 

1.71 

Error  of  mean . 

0.16 

Reversals  (av.) . 

0.27 

0.23 

0.04 

0.56 

0.18 

0.38 

TABLE  2 

Decayed,  Missing,  or  Filled  Surfaces 


Slow  Examination 

1  Fast  Examination 

Total 

Visual 

X-Ray 

Total 

Visual 

X-Ray 

DMFS  1958  (av.) . 

42.27 

39.48 

2.79 

36.54 

31.82 

4.72 

Increments  1958-59 . 

3.37 

1.62 

Standard  deviation . 

3.30 

3.11 

Error  of  mean . 

0.32 

0.30 

Reversals . 

1.57 

1.13 

0.44 

2.00 

0.68 

1.32 

first  molar,  which  led  to  improper  designation  of  the  tooth  occupying  the  first  molar 
position.  Such  error  also  ocurred  when  a  bicuspid  was  removed  for  orthodontic  pur¬ 
poses  and  the  designation  of  the  first  or  second  bicuspid  differed  between  examinations. 
Data  were  not  recorded  for  the  third  molars. 


RESULTS 

The  prevalence  of  decayed,  missing,  and  filled  teeth  found  by  each  examiner  is 
shown  in  Table  1.  The  prevalence  of  decayed,  missing,  and  filled  surfaces  found  by 
each  examiner  is  shown  in  Table  2.  The  frequency  distribution  of  the  findings  in 
Table  2  is  shown  in  Table  3.  A  division  of  the  decayed,  missing,  and  filled  surface  in¬ 
crements  into  component  parts  is  shown  in  Table  4.  Table  5  shows  the  frequency  with 
which  diagnoses  made  in  the  first  examination  were  reversed  in  the  second  examination 
expressed  as  a  per  cent  of  the  total  DMF  found  at  the  first  examination. 

DISCUSSION 

Arguments  have  been  advanced  repeatedly  that  the  criteria  for  diagnosis  and  the 
speed  of  the  examination  are  not  so  important  if  these  criteria  remain  constant  through- 


TABLE  3 

Frequency  Distribution  of  Increase  in  New  DMFS  during  1-Year  Period 


No.  OF 

New  DMFS 

CumcAL 

X-Ray 

Total 

Fast 

Exam. 

Slow 

Exam. 

Fast 

Exam. 

Slow 

Exam. 

Fast 

Exam. 

Slow 

Exam. 

-  7 . 

0* 

0 

1 

0 

0 

0 

-  6 . 

0 

1 

1 

0 

2 

0 

-  5 . 

0 

0 

1 

1 

0 

-  4 . 

0 

2 

0 

4 

1 

-  3 . 

0 

5 

0 

1 

1 

-  2 . 

4 

11 

2 

3 

1 

-  1 . 

4 

28 

13 

12 

9 

0 . 

27 

29 

46 

17 

11 

1 . 

23 

14 

26 

15 

11 

2 . 

20 

8 

13 

16 

15 

3 . 

14 

11 

7 

17 

11 

4 . 

12 

3 

8 

13 

5 . 

11 

0 

5 

14 

6 . 

1 

0 

4 

8 

7 . 

0 

0 

0 

1 

6 

8 . 

1 

0 

0 

2 

3 

9 . 

0 

1 

0 

0 

0 

2 

10 . 

1 

1 

0 

0 

1 

0 

11 . 

0 

1 

0 

0 

1 

3 

12 . 

0 

0 

0 

0 

1 

1 

13 . 

0 

2 

0 

0 

0 

0 

16 . 

0 

0 

0 

0 

0 

1 

♦  No.  of  individuals. 


TABLE  4 


DMFS  Increments  for  Specific  Surfaces 


Slow 

Examination 

Fast 

Examination 

Total . 

3.37 

1.62 

1.71 

0.63 

0.68 

0.64 

Buccal-Hnguals  . 

0.98 

0.35 

TABLE  5 

Percentage  of  Initial  Findings  Reversed 


DMFT 

DMFS 

Total 

Visual 

X-Ray 

Total 

Visual 

X-Ray 

Slow  examination. ... 

1.5 

1.3 

13.8 

3.7 

2.9 

15.8 

Fast  examination .... 

3.5 

1.3 

25.8 

5.5 

2.1 

28.0 
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out  the  length  of  a  clinical  field  study.  If  the  foregoing  were  true,  we  would  exi)ect  that 
two  examiners  would  obtain  similar  increments  in  a  given  period  of  time  if  they  were 
comparing  a  group  using  a  caries-preventive  agent  with  a  control  group.  The  present 
study  was  not  designed  to  test  the  full  concept,  since  only  one  group  of  subjects  was 
used  rather  than  two  groups  with  different  treatments. 

The  data  for  each  method  of  examination,  slow  and  rapid,  were  divided  into  observa¬ 
tions  made  visually  and  by  X-ray.  The  data  in  Table  1  indicate  that  the  slower  clinical 
examination  procedure  yielded  a  higher  total  DMF  score  than  did  the  rapid  examina¬ 
tion  procedure.  The  fast  examiner  made  up  for  some  of  the  difference  by  reference  to 
the  radiographs,  but  he  did  not  reach  the  mean  prevalence  for  the  group  found  by  the 
slow  examiner.  The  increments  for  the  one-year  period,  Table  1,  shows  a  fivefold  dif¬ 
ference  in  the  two  examinations  (0.88  versus  0.16).  With  more  time  for  thorough  in¬ 
spection,  the  slow  examiner  found  increments  of  0.88  new  DMF  teeth  and  3.37  new 
DMF  surfaces  during  the  year  period.  These  are  |  tooth  and  If  surfaces  per  person 
greater  than  the  rapid  examiner.  It  is  of  great  interest  that,  despite  the  difference  in 
findings  with  each  method  of  examination,  the  standard  deviations  were  very  similar, 
indicating  agreement  on  the  shape  of  the  distribution  curve,  even  though  the  means 
were  different. 

The  data  in  Table  2  show  that  the  slow  examination  produced  a  higher  total  visual 
DMFS  score,  as  well  as  a  higher  increment,  than  the  fast  examination.  The  rapid 
examiner  made  up  part  of  the  difference  when  viewing  the  radiographs. 

The  data  in  Table  4  show  that  the  greatest  number  of  lesions  was  found  by  both 
examiners  on  the  interproximal  surfaces,  and,  in  keeping  with  the  total  DMFS  findings 
by  each  method,  the  slow  examinations  revealed  more  lesions  than  the  rapid.  Speed  of 
examination  did  not  appear  to  affect  occlusal  findings  in  the  investigation,  but  the 
slower  examination  revealed  more  lesions  on  the  smooth  surfaces  than  did  the  rapid 
examination. 

The  problem  of  reversals  in  diagnosis  has  been  recognized  for  many  years  and  was 
discussed  by  Radike  and  Muhler^  in  1954.  Recently,  Radike'^  presented  a  detailed 
review  of  a  study  of  the  meaning  of  reversals. 

Since  we  are  using  the  term  “reversal”  in  this  report,  we  would  like  to  discuss  it  for 
purposes  of  clarification.  A  reversal  occurs  when  an  area  on  a  tooth  is  diagnosed 
carious  on  the  first  examination  and  non-carious  on  the  second  examination.  It  is  prob¬ 
able,  if  one  is  using  an  effective  anticariogenic  agent  or  reducing  the  caries  rate  by  con¬ 
trolled  diet  on  a  group  of  individuals,  that  there  will  be  a  greater  number  of  reversals 
appearing  in  the  data  than  if  the  caries  rate  is  continuously  progressing.  It  also  be¬ 
comes  apparent  that  reversals  will  occur  with  any  given  definition  of  a  carious  lesion 
if  the  examiner  is  consistent  in  his  diagnosis  and  also  conducts  his  second  examination 
without  reference  to  his  first  examination  data.  The  apparent  disappearance  of  a 
previously  decayed  surface  has  been  subtracted  from  the  caries  score  for  each  subject 
during  the  analysis  of  the  data  in  this  study. 

The  data  in  Table  1  show  that  the  slow  examiner  had  a  higher  total  DMF  score  than 
the  rapid  examiner  but  had  a  smaller  number  of  total  reversals  than  the  rapid  examiner. 
To  determine  the  source  of  such  observations,  the  reversals  in  diagnosis  were  divided 
into  those  observed  visually  and  those  observed  radiographically.  The  slow  examiner 
had  a  greater  percentage  of  reversals  in  the  visual  examination  than  did  the  rapid 
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examiner  when  diagnosing  carious  surfaces  (Table  5).  This  may  be  due  to  the  greater 
length  of  time  spent  in  visual  examinations  with  the  resulting  greater  opportunity  for 
diagnosis  at  a  level  where  more  borderline  conditions  exist.  Finally,  the  reversals  en¬ 
countered  by  the  slow  examiner  were  very  few  when  observing  the  radiographs,  com¬ 
pared  with  the  rapid  examiner,  who  had  to  make  more  diagnosis  of  borderline  condi¬ 
tions  when  observing  the  radiographs.  A  similar  pattern  occurred  in  the  diagnosis  of 
DMF  surfaces,  as  seen  in  Table  2.  Again,  the  slow  examiner  had  the  greater  number  of 
reversals  on  visual  examinations. 

The  problem  of  borderline  decisions  can  be  better  appreciated  by  referring  to  discus¬ 
sions  of  indices  used  to  record  caries  and  their  relative  merits  found  in  other  sources.*-  ^ 
The  speed  of  examination  alters  the  findings  with  respect  to  caries  prevalence  and  to 
caries  incidence  over  a  1-year  period. 

SUMMARY 

The  purpose  of  the  study  was  to  observe  the  effect  of  examination  method  on  a 
caries  increment  when  the  same  subjects  are  examined  by  two  procedures.  A  group  of 
one  hundred  and  eleven  college  students  was  examined  by  two  examiners  using  dif¬ 
ferent  methods  of  examinations.  The  slow-examination  method  showed  a  mean  preva¬ 
lence  of  17.95  DMF  teeth  at  the  initial  examination,  whereas  the  rapid-examination 
method  indicated  a  mean  of  15.79  DMF  teeth.  Similarly,  the  slow-examination  method 
showed  42.27  DMF  surfaces  per  subject,  and  the  rapid-examination  method  showed 
36.54  DMF  surfaces  per  subject. 

One  year  after  the  initial  determination  of  prevalence,  the  slow  examination  showed 
0.88  new  DMF  teeth  as  a  mean,  while  the  rapid  examination  showed  only  0.16  new 
DMF  teeth  as  a  mean.  Similarly,  the  increment  for  DMF  surfaces  was  3.37  by  the 
slow  method  compared  with  1 .62  by  the  fast  method. 

A  division  of  findings  into  visual  and  radiographic  observations  revealed  that  the 
slower  examiner  found  most  of  the  diagnosed  caries  visually  and  made  most  of  his 
borderline  decisions  visually,  as  expected.  The  rapid  examiner  found  a  smaller  number 
of  carious  lesions  visually  but  a  greater  number  than  the  slow  examiner  when  using  the 
radiographs.  The  rapid  examiner  made  more  borderline  decisions  when  examining  the 
radiographs  and,  therefore,  showed  more  reversals  in  diagnosis  in  the  X-ray  portion  of 
the  data. 
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The  ability  of  an  amalgam  restoration  to  withstand  the  forces  of  mastication  depends 
on  two  factors:  (1)  the  strength  of  the  amalgam,  which  realizes  its  full  potential  by 
proper  manipulative  technique,  and  (2)  the  distribution  and  magnitude  of  the  internal 
stress,  which  is  determined  by  the  nature  of  force  application  and  the  design  of  the 
restoration.*  While  manipulative  technique  and  its  effect  on  the  strength  of  restorative 
materials  has  undergone  extensive  investigation,  the  evaluation  of  the  design  of  the 
restoration  has  received  little  emphasis.  Present  concepts  of  design  have  obtained  most 
of  their  support  from  clinical  observation  of  success  and  failure.  As  a  consequence,  sub¬ 
stantiation  of  these  concepts  with  quantitative  techniques  of  evaluation  is  indicated. 

Before  this  evaluation  can  be  accomplished,  an  appropriate  technique  of  design 
analysis  must  be  selected  and  validated.  It  is  the  purpose  of  this  paper  to  report  on  the 
evaluation  of  several  of  these  techniques. 

MATERIALS  AND  METHODS 

Techniques  evaluated. — In  general,  the  techniques  evaluated  consisted  of  models  of 
prepared  teeth  in  which  restorations  were  placed  and  then  fractured  by  the  application 
of  forces  similar  in  nature  to  those  present  during  mastication.  A  comparison  of  the 
fracture  loads  was  then  used  as  a  means  of  evaluating  the  efficacy  of  the  restoration 
design.  . 

The  most  straightforward  method  for  design  analysis  would  be  to  restore  natural 
teeth  with  amalgam  and  subject  these  restored  teeth  to  forces  similar  in  nature  and 
magnitude  to  those  present  during  mastication.  It  might  be  anticipated  that  the  preci¬ 
sion  of  this  technique  would  be  affected  by  morphologic  differences  between  natural 
teeth,  inexact  duplication  of  a  given  cavity  design  in  the  various  test  teeth,  and  varia¬ 
tion  in  the  strength  of  the  condensed  amalgam.  Despite  these  objections,  tests  on  nat¬ 
ural  teeth  were  conducted  to  determine  whether  the  results  of  laboratory-designed 
methods  of  evaluation  would  correlate  with  those  derived  from  these  approximated 
clinical  conditions.  Two  laboratory-designed  tests  were  selected  for  evaluation.' 

The  first  test  consisted  of  duplicating  a  prepared  natural  tooth  in  metal  and  con¬ 
densing  amalgam  into  this  metal  model.  A  method  similar  to  this  was  initially  reported 
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*  The  design  of  the  restoration  is  defined  by  the  complete  morphology,  both  external  and  internal. 
This  would  be  determined  by  the  cavity  preparation  and  the  occlusal  and  proximal  carving. 
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by  Lampshire.*  In  this  technique  the  variability  of  tooth  and  cavity  form  was  elimi¬ 
nated,  but  the  factor  of  strength  variation  of  the  amalgam  was  retained.  A  comparison 
of  the  results  of  this  technique  with  the  natural  tooth-amalgam  results  would  also  indi¬ 
cate  the  influence  of  the  properties  of  the  supportive  structure  on  the  resistance  of  the 
amalgam  restoration. 

The  second  test  was  selected  from  engineering  practice  and  is  known  as  the  “brittle- 
model”  or  “plaster-model”  method.  In  this  technique  the  variability  of  tooth  and 
cavity  form,  as  well  as  the  variability  of  the  strength  of  amalgam,  was  eliminated.  Justi¬ 
fication  for  the  choice  of  this  method  was  based  on  several  factors.  First,  amalgam  be¬ 
haves  like  a  brittle  material  under  the  rapid  rates  of  load  application  present  during 
mastication,  which  should  correlate  with  the  fracture  characteristics  of  plaster.  Second, 
the  models  are  easily  prepared  and  the  morphology  exactly  reproduced.  Third,  the 
method  is  three-dimensional  in  nature  and  does  not  require  extrapolation,  as  needed 
by  other  methods — for  example,  the  two-dimensional  technique  of  photoelasticity. 

Method  of  test. — Four  different  cavity  designs  of  a  disto-occlusal  preparation  in  an 
upper  first  bicuspid  were  selected.  These  consisted  of  the  following: 

1.  Design  A  was  prepared  with  no  retentive  features  but  employed  presently  ac¬ 
cepted  principles  of  cavity  design.  The  occlusal  surface  of  the  restoration  was  carved 
slightly  to  produce  a  flat  plane  because  of  the  difficulty  in  duplicating  exactly  the  orig¬ 
inal  morphology. 

2.  Design  B  was  design  A  altered  in  the  following  manner.  The  bucco-occlusal  and 
linguo-occlusal  walls  were  undercut,  the  axiopulpal  line  angle  was  rounded,  retention 
grooves  were  placed  with  a  gingival  margin  trimmer  in  the  axiobuccal  and  axiolingual 
line  angles  of  the  proximal  box,  and  the  gingival  wall  was  sloped  to  meet  the  axial  wall 
at  less  than  a  90®  angle. 

3.  Design  C  was  the  same  as  design  A  except  that  the  pulpal  wall  was  deepened,  as 
advocated  by  Lampshire.^  The  pulpal  wall  was  rounded,  starting  at  two-thirds  the 
distance  of  the  mesiodistal  dimension  of  the  occlusal  wall  and  tapered  downward  to¬ 
ward  the  axiopulpal  line  angle.  At  this  point  the  drop  in  elevation  was  estimated  to  be 
I  mm. 

4.  Design  D  was  the  same  as  design  B  except  that  the  proximal  retention  grooves 
were  cut  with  a  No.  700  tapered  fissure  bur  instead  of  a  gingival  margin  trimmer. 

All  these  designs  were  placed  in  natural  teeth  and  restored  with  amalgam,  in  technic 
metal  teeth  and  restored  with  amalgam,  and  in  densite  teeth  which  were  restored  with 
plaster.  The  specific  details  of  these  techniques  follow. 

Amalgam  in  natural  teeth. — Cavity  preparations  were  made  in  80  extracted  upper 
first  bicuspids,  each  of  the  four  preparations  being  duplicated  20  times.  The  teeth  were 
mounted  in  rings  filled  with  hydrocal  and  oriented  at  6°  from  the  long  axis,  so  that  the 
load  would  be  applied  against  the  marginal  ridge.  The  load  was  applied  through  a 
inch  steel  ball  to  aj^roximate  a  deleterious  loading  condition  in  the  mouth.  A  matrix 
band  was  placed  and  secured  with  modeling  composition,  after  which  the  amalgam  was 
manipulated  and  inserted  by  means  of  acceptable  clinical  technique.  In  order  to  achieve 
a  more  consistent  residual  mercury  content,  a  1 : 1  proportioning  of  mercury  and  amal¬ 
gam  alloy*  was  used,  and  no  mercury  was  removed  during  condensation.  The  amalgam 
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was  carved  to  produce  a  flat  occlusal  surface  and  a  proximal  surface  contoured  to  repro¬ 
duce  the  original  tooth  morphology.  In  Figure  1  is  shown  a  schematic  sketch  of  a  mesio- 
distal  cross-section  through  the  tooth  and  restoration,  indicating  the  direction  of  the 
load  application.  This  same  position  and  direction  of  load  application  were  duplicated 
in  all  subsequent  tests.  One  week  after  packing,  the  samples  were  tested,  and  the  loads 
to  produce  fracture  were  recorded. 

Amalgam  in  technic  metal  teeth. — A  natural  tooth  was  selected  which  was  con¬ 
sidered  a  representative  upper  first  bicuspid  (typical  morphology  and  dimensions  cor¬ 
responding  to  Black’s  measurements”).  Cavity  design  A  was  cut,  and  an  impression  of 


Fig.  1. — Schematic  sketch  of  mesiodistal  cross-section  of  tooth,  indicating  the  nature  of  load  ap¬ 
plication. 

this  prepared  tooth  was  made  in  a  cold  molding  rubber.*  Wax  patterns  were  made  from 
this  mold  and  were  reproduced  in  metalf  by  the  dental  casting  procedure.  The  cavity 
design  in  this  same  tooth  was  then  altered  and  reproduced  in  a  similar  fashion  to  pro¬ 
duce  castings  of  teeth  with  cavity  designs  B  and  D.  Cavity  design  C  was  produced  by 
cutting  the  metal  teeth  of  design  A.  In  this  manner,  the  morphology  of  tooth  and  cavity 
form  were  exactly  reproduced  for  each  specific  design  variation.  Twenty  test  models 
were  prepared  for  each  design.  Amalgam  restorations  were  placed  in  these  metal  teeth, 
and  the  same  conditions  of  test  were  followed  as  specified  for  the  natural  teeth. 

Plaster-model  technique. — An  upper  first  bicuspid  (8  X  actual  size)  was  carved  in 
wax  and  duplicated  in  plaster,  using  a  cold  molding  rubber  mold.  Cavities,  according  to 
the  designs  to  be  tested,  were  prepared  in  these  plaster  models,  and  these,  in  turn,  were 
duplicated  in  a  dental  gypsum  material  (densite).  A  matrix  of  self-curing  acrylic  resin 
was  made  to  cover  completely  the  occlusal  and  distal  contours  of  the  tooth.  Model 
piaster^  was  poured  into  the  cavity  preparation,  and  the  matrix  was  kept  in  position 

♦  Gra-Tuffy,  Permaflex  Mold  Co. 
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until  the  plaster  hardened.  Prior  to  pouring  the  plaster,  the  improved  stone  teeth  were 
painted  with  several  coats  of  butyrate  model  dope*  to  prevent  adhesion  between  the 
tooth  model  and  the  plaster  restoration.  The  plaster  was  mixed  at  a  water /powder  ratio 
of  0.70  and  stored  for  2  weeks  at  laboratory  conditions  (75°  ±  5°  F.,  SO  ±  10  per  cent 
relative  humidity).  The  models  were  then  tested.  The  rate  of  loading  was  selected  at 
0.5  inch  per  minute  to  insure  a  straight  stress-strain  relationship  to  the  breaking  point 
(a  requirement  of  the  plaster-model  technique).  The  load  was  applied  at  the  same 
position  and  at  the  same  angulation  as  for  the  amalgam  tests.  Since  the  plaster  models 
were  8  X  actual  size,  the  loading  ball  diameter  was  increased  from  to  ^  inch. 

RESULTS ’and  DISCUSSION 

In  order  to  determine  whether  the  structural  behavior  of  a  given  restorative  design 
can  be  predicted  under  oral  conditions,  a  specific  evaluating  technique  should  be  capa- 


TABLE  1 

Loads  Producing  Fracture  of  Restoration  for  Various  Techniques 
OF  Evaluating  Structure  Design 


Design 

Natukal  Tooth  with  Ahalgah 

Metal  Tooth  with  Ahalgah 

Densite  Tooth  with  Flastek 

"xt 

V„i 

X 

B 

B 

B 

X 

'X 

v„ 

A . 

77 

14 

6 

17 

103 

10 

5 

10 

178 

24 

10 

13 

B . 

% 

18 

8 

18 

108 

9 

3 

8 

191 

20 

9 

10 

C . 

108 

26 

12 

24 

111 

9 

5 

9 

199 

24 

10 

12 

D . 

123 

20 

10 

16 

126 

9 

6 

9 

302 

23 

10 

8 

*  Arithmetic  mean  in  pounds, 
t  Standard  deviation  in  pounds. 

t  Twice  the  standard  error  of  the  mean  in  pounds  (95  per  cent  confidence). 
§  Coefficient  of  variation  in  per  cent. 


ble  of  ( 1 )  demonstrating  a  reasonably  small  variation  of  the  test  data,  to  distinguish 
small  but  clinically  significant  differences  in  design;  (2)  predicting  the  magnitude  of 
the  force  to  cause  fracture  (desirable  but  not  essential) ;  (3)  predicting  whether  a  dif¬ 
ference  exists  between  any  two  designs;  (4)  predicting  which  design  is  better;  and 
(5)  predicting  how  much  a  given  design  is  better  than  another.  The  data  derived  from 
this  investigation  have  been  presented  in  a  manner  which  will  demonstrate  whether  the 
techniques  studied  satisfy  the  above  requirements. 

In  Table  1,  the  arithmetic  mean,  standard  deviation,  standard  error  of  the  mean, 
and  coefficient  of  variation  are  indicated  for  the  20  fracture  loads  recorded  for  each 
design,  using  the  three  analyzing  techniques  studied. 

The  coefficient  of  variation,t  a  measure  of  variability,  was  extremely  high  for  the 
natural  tooth-amalgam  tests,  as  was  anticipated,  but  was  within  reasonable  limits  for 
the  metal  tooth-amalgam  and  plaster  tests.  This  result  demonstrates  the  effect  of  the 
varying  morphology  of  natural  teeth  on  the  strength  of  the  restoration  and  reflects  the 
difficulty  in  using  this  technique  for  evaluating  restorative  design.  It  might  be  antici- 


*  Testers  Corporation. 

t  Coefficient  of  variation  =  standard  deviation/arithmetic  mean. 
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pated  that  minor  differences  in  design  could  not  be  distinguished  by  this  technique.  In 
addition,  since  there  was  no  morphologic  variation  in  either  the  metal  tooth-amalgam 
tests  or  plaster  tests,  the  variability  of  test  results  must  be  due  to  the  inherent  variabil¬ 
ity  in  the  strength  of  these  materials,  and,  since  the  coefficient  of  variation  was  approxi¬ 
mately  the  same  for  these  two  tests,  the  inherent  strength  variation  of  amalgam  must 
be  similar  to  that  of  plaster. 

The  fact  that  no  statistical  difference  existed  between  the  strength  of  the  restoration 
for  the  natural  tooth-amalgam  tests  and  for  the  metal  tooth-amalgam  tests  (designs  C 
and  D)  indicates  the  lesser  role  played  by  the  mechanical  properties  of  tooth  structure 
in  supporting  the  restoration.  The  higher  values  recorded  for  the  metal  tooth  tests 
versus  the  natural  tooth  tests  for  designs  A  and  B  were  considered  to  be  caused  by  the 
support  offered  by  the  surface  roughness  of  the  technic  metal  castings  and/or  adhesion 
of  the  amalgam  to  the  metal.  This  support  would  be  more  pronounced  in  the  designs 
exhibiting  lower  resistance  to  fracture,  and  it  points  to  the  advisability  of  investigating 
other  model  materials  for  this  purpose. 


TABLE  2 

Determination  of  Whether  Statistical  Difference 
Exists  between  Cavity  Designs 


[ 

Designs  Compared 

Natural  Tooth 

Metal  Tooth 

Densite  Tooth 

with  Amalgam 

with  Amalgam 

with  Plaster 

A  versus  B . 

Yes 

No 

Yes 

A  versus  C . 

Yes 

Yes 

Yes 

B  versus  D . 

Yes 

Yes 

Yes 

A  versus  D . 

Yes 

Yes 

Yes 

B  versus  C . 

No 

No 

No 

C  versus  D . 

Yes 

Yes 

Yes 

In  Table  2  are  shown  the  results  of  a  statistical  comparison  of  the  means  using  the 
^-test  at  the  95  per  cent  confidence  level.  The  designation  of  “No”  indicates  that  95  per 
cent  of  the  time  the  means  compared  belong  to  the  same  universe,  whereas  “Yes”  indi¬ 
cates  that  the  means  are  significantly  different.  The  predictability  of  a  difference  in 
design  by  a  given  model  technique  would  be  reflected  in  whether  or  not  a  statistical 
difference  could  be  demonstrated  when  compared  with  that  for  natural  teeth  with  amal¬ 
gam.  In  the  six  comparisons  evaluated,  only  one  lack  of  correlation  appeared,  and  this 
was  in  the  metal  tooth-amalgam  test  for  design  A  versus  B.  Once  again,  the  reason  for 
this  was  thought  to  be  some  adhesion  between  the  amalgam  and  the  cast  metal  surface. 
Tests  are  presently  being  conducted  with  other  model  materials  which  would  not  ex¬ 
hibit  this  adhesion. 

The  plaster-model  method  demonstrated  a  1 : 1  correlation  for  all  design  comparisons 
and  is  therefore  a  valid  technique  for  predicting  whether  or  not  a  difference  exists  be¬ 
tween  the  resistance  to  fracture  of  various  designs  of  amalgam  restorations. 

In  Figure  2,  a  bar  graph  is  used  to  represent  the  data  which  are  given  in  Table  1.  The 
heights  of  the  bars  are  the  arithmetic  means  of  20  test  runs  for  each  condition,  and  the 
*  lengths  of  the  small  bars  represent  twice  the  standard  error  of  the  mean  at  the  95  per 
cent  level  of  confidence.  From  this  graph,  the  amount  of  difference  between  the  various 
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designs  is  illustrated,  as  well  as  which  designs  offer  more  resistance  to  fracture.  In  going 
from  design  A  through  D,  all  the  evaluating  techniques  demonstrate  increases  in 
strength  in  a  stepwise  fashion.  However,  the  metal  tooth-amalgam  tests  app)ear  insensi¬ 
tive  for  designs  A  and  B  when  compared  with  the  natural  tooth-amalgam  tests,  again 
reflecting  the  possibility  of  adhesion  between  amalgam  and  the  metal  castings.  The 
plaster  tests  show  a  proportionally  larger  increase  for  design  D  than  demonstrated  by 
the  natural  tooth-amalgam  tests,  which  introduces  some  doubt  as  to  the  ability  of  the 
plaster  method  to  predict  the  amount  of  benefit  derived  from  a  particular  design  vari¬ 
ation. 


Fig.  2.— Fracture  resistance  of  class  II  amalgam-type  restorations,  as  determined  by  various  tech¬ 
niques  of  structural  analysis. 

Although  the  primary  purpose  of  this  phase  of  the  project  was  to  determine  the 
validity  of  methods  for  evaluating  restorative  design,  some  information  on  design  can 
be  derived.  In  Figure  2,  it  appears  that  the  combined  features  of  undercut  buccal  and 
lingual  occlusal  walls,  a  rounded  axiopulpal  line  angle,  a  sloping  pulpal  wall,  and 
proximal  retention  grooves — design  B — increase  the  strength  of  the  restoration  slightly 
over  design  A,  which  has  no  retention.  Design  C,  which  increases  the  depth  of  the  pulpal 
wall  and  has  no  retention,  is  not  statistically  different  from  design  B  with  retention. 
Design  D,  which  is  design  B  with  proximal  retention  cut  with  a  No.  700  bur  rather  than 
with  a  gingival  margin  trimmer,  demonstrates  the  greatest  increase  in  strength.  These 
results  are  preliminary,  since  only  one  type  of  loading — static  loading  to  fracture — was 
utilized.  It  is  planned  to  investigate  two  other  types  of  loading  which  are  characteristic 
of  oral  conditions,  namely,  a  constantly  applied  load  (flow)  and  alternate  loading 
(fatigue).  When  the  results  of  these  latter  tests  are  derived,  the  analysis  of  design 
variations  will  be  more  meaningful. 
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SUMMARY  AND  CONCLUSIONS 

The  purpose  of  this  report  was  to  evaluate  several  techniques  for  the  analysis  of 
amalgam  restorative  design.  Amalgam  was  condensed  into  prepared  cavities  of  natural 
teeth  and  technic  metal  teeth,  and  plaster  was  poured  into  prepared  cavities  of  densite 
teeth  (plaster-model  method).  These  restoratiwis  were  subjected  to  simulated  mastica¬ 
tory  forces,  and  the  loads  to  cause  fracture  were  recorded.  The  following  results  were 
obtained: 

Natural  tooth-amalgam  tests  demonstrated  a  greater  variability  than  would  be  con¬ 
sidered  desirable  from  a  design  analysis  standpoint. 

Metal  tooth-amalgam  tests  demonstrated  insensitivity  to  some  design  variations,  pos¬ 
sibly  because  of  surface  adhesion  between  the  amalgam  and  the  metal  tooth. 

Plaster  tests  indicated  greater  benefits  from  some  design  variations  than  was  demon¬ 
strated  by  amalgam  in  natural  teeth. 

Both  metal  tooth-amalgam  tests  (with  one  exception)  and  plaster  tests  could  predict 
whether  differences  in  designs  existed  and  whether  a  particular  design  was  better. 

In  conclusion  it  appears  that  the  most  promising  evaluating  technique  would  be  one 
using  actual-size  models  of  natural  teeth  into  which  amalgam  could  be  condensed.  The 
use  of  models  insures  reproducibility  of  morphology,  but  care  must  be  taken  to  insure 
that  the  model  material  offers  the  same  support  to  the  amalgam  as  offered  by  natural 
teeth. 
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The  possible  relationship  between  high  dietary  selenium  intake  and  various  disease 
conditions  of  animals  and  man  has  been  suggested  in  accounts  by  Smith  and  Westfall/ 
by  Hadjimarkos,  Storvick,  Remmert,  and  Bonhorst,^-®  and  by  Tank  and  Storvick* 
which  postulate  a  relationship  between  dental  caries  and  high  selenium  intake.  Hadji¬ 
markos  and  Bonhorst®  have  reported  finding  selenium  in  human  teeth.  Experiments  in 
our  laboratory  using  a  radioactive  isotope  of  selenium  administered  parenterally  to 
rats  have  shown  that  this  selenium  enters  the  teeth  of  these  animals  subsequent  to  its 
administration.  We  were  also  able  to  demonstrate  a  rapid  uptake  of  selenium  by  human 
and  rat  teeth  which  were  imbedded  in  a  variety  of  solutions  of  Se^®  from  radioactive  rat 
feces  and  from  saliva  made  radioactive  by  addition  of  small  quantities  of  Se'^®.  These 
findings  suggested  the  possibility  that  selenium  might  enter  the  teeth  of  animals  and 
man  not  only  via  blood  circulation  but  also  from  oral  fluids  which  constantly  bathe  the 
teeth. 

Experiments  in  which  we  administered  Se^®  as  selenite  to  adult  male  rats  have  re¬ 
vealed  that  the  radioactive  selenium  could  be  detected  in  the  saliva  of  these  animals  as 
early  as  5  minutes  post-injection  and  up  to  at  least  24  hours  post-injection.  This  was 
found  to  be  true  for  non-stimulated  saliva  as  well  as  for  pilocarpine-stimulated  saliva. 

Recently  we  reported  that  relatively  large  quantities  of  active  selenium  were  present 
in  all  the  major  salivary  glands  within  minutes  after  isotope  injection.®  Our  data  at 
that  time  indicated  that  at  least  one  of  these  glands  might  be  concentrating  the  selenium 
from  the  blood.  The  question  of  the  mechanism  of  selenium  transfer  to  the  saliva  thus 
arose. 

The  purpose  of  this  paper  is  to  report  the  results  of  similar,  but  more  conclusive, 
studies  involving  the  uptake  and  distribution  of  selenium  in  teeth,  saliva,  and  salivary 
glands  of  the  rat  following  intracardiac  administration  of  Se’®. 

MATERIALS  AND  METHODS 

Animals. — Male  Sprague-Dawley  rats  were  used  throughout  these  experiments.  All 
animals  were  kept  in  our  laboratory  for  at  least  5  days  prior  to  their  use.  Daily  weight 

This  study  was  supported  by  U.S.P.H.S.  research  grants  D-739  and  D-860  from  the  National  In¬ 
stitute  of  Dental  Research,  National  Institutes  of  Health. 
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records  were  kept  for  each  animal,  so  that  normal  weight  gain  could  be  established 
before  their  use  as  experimental  animals.  Body  weights  of  the  rats  were  between  230 
and  300  gm.  at  the  time  they  were  placed  in  experimental  groups. 

Stock  injection  solution. — The  isotope  used  throughout  these  experiments  was  in  the 
form  of  selenous  acid.*  From  this  a  stock  injection  solution  was  prepared,  using  the 
selenous  acid  and  0.072  M  phosphate  buffer.  The  pH  was  adjusted  to  pH  6.8,  and  the 
final  phosphate  concentration  was  0.067  M.  Final  Se  concentration  of  the  stock  injec¬ 
tion  solution  was  160  /Ag/0.1  ml.  The  total  radioactivity  was  28.3  /xc/O.l  ml. 

A  single  intracardiac  injection  of  0.1  ml.  of  this  stock  injection  solution  was  the  only 
dose  used  for  the  animals  comprising  this  study. 


Fig.  1. — Plastic  rack  for  collecting  pilocarpine-stimulated  saliva  from 'nembutal-anesthetized  rats, 
modified  from  Bernarde,  Fabian,  Cosen,  Hoppert,  and  Hunt. 


*  Obtained  from  Oak  Ridge  National  Laboratory,  Oak  Ridge,  Tennessee. 


Anesthesia. — All  animals  were  ether-anesthetized  prior  to  intracardiac  injection  of 
the  isotopes,  and  nembutal  anesthesia  (3  mg/ 100  gm  body  weight  intraperitoneally) 
was  used  prior  to  pilocarpine  administration  and  saliva  collection  procedures. 

Saliva  collection. — Following  nembutal  anesthesia,  pilocarpine  nitrate  (5  mg/kg 
body  wt.)  was  administered  subcutaneously,  and  the  animal  was  immediately  placed 
on  a  saliva  collection  rack  modified  from  Bernarde,  Fabian,  Cosen,  Hoppert,  and  Hunt’ 
(Fig.  1).  Saliva  was  collected  for  5  minutes  measured  from  time  of  pilocarpine  injec¬ 
tion.  Total  saliva  volume  was  then  determined,  and  a  unit  volume  removed  for  count¬ 
ing. 

Sacrifice  and  tissue  removal. — When  saliva  collection  was  complete,  the  anesthetized 
animal  was  sacrificed  by  producing  a  surgical  pneumothorax.  The  heart  was  immediate¬ 
ly  exposed,  and  blood  samples  were  drawn  by  means  of  a  heparinized  syringe  and 
needle.  Appropriate  portions  of  the  blood  were  then  used  for  counting  procedures  and 
for  hematocrit  determinations.  Following  blood  withdrawal,  the  major  salivary  glands 
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were  quickly  excised,  and  approximately  equal  samples  of  each  were  placed  in  pre¬ 
viously  weighed  gelatin  capsules.  The  tissues  were  immediately  weighed  and  counted. 
After  gland  removal,  the  lower  jaw  of  each  animal  was  removed  and  placed  in  an 
appropriately  labeled  container.  The  lower  incisors  were  later  removed,  cleaned, 
weighed,  and  the  radioactivity  determined.  The  entire  procedure  was  so  organized  that, 
for  any  given  tissue  except  teeth,  the  time  from  beginning  of  collection  to  completion 
of  weighing  and  counting  was  never  greater  than  10  minutes.  The  activity  of  all  teeth 
was  counted  at  the  end  of  each  day’s  run.  The  rapidity  with  which  the  tissues  were 
handled  and  the  added  protection  offered  by  the  gelatin  capsules  reduced  errors  in 
weighing  due  to  water  loss  to  a  minimum. 

Counting  procedures. — ^All  counting  was  done  in  a  deep-well  scintillation  counter.* 

*Tracerlab  Model  P20CW  with  Thallium-activated  Sodium  Iodide  well  crystal  and  Model  “1000” 
scaler. 


Fig.  2. — ^Tissue  activity  relative  to  blood  activity  at  indicated  times  post -isotope  injection.  The 
percentage  of  injected  activity  remaining  in  the  blood  at  these  intervals  is  shown  by  the  upper  graph. 
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Counting  efficiency  for  the  isotope  used  in  this  study  was  af>proximately  40  per  cent. 
Background  and  standard  counts  were  made  periodically  throughout  each  daily  run, 
to  assure  proper  functioning  of  the  counting  equipment.  Throughout  all  experiments,  a 
special  effort  was  made  to  count  samples  of  similar  volume,  in  order  to  minimize  errors 
of  counting  and  of  weight  conversion  factors  when  calculating  activity  per  unit  weight. 

Experimental  design. — The  time  intervals  to  be  studied  and  the  numbers  of  animals 
to  be  included  in  each  group  of  our  study  were  selected  on  the  basis  of  our  previous 
findings;  i.e.,  for  those  time  periods  between  1.5  and  5.0  hours,  ten  animals  were  used 
in  each  group  because  our  earlier  results  indicated  that  this  would  be  the  critical  time 
interval  in  our  study.  All  other  time  periods  contained  five  animals  per  group.  Because 
it  was  impossible  to  complete  more  than  five  or  six  animals  on  any  given  day,  we  felt 


Fig.  3. — The  average  amount  of  radioactivity  present  in  tissues  assayed  at  indicated  times  of  sacri¬ 
fice  after  a  single  intracardiac  injection  of  NAs  SE^'‘  Os. 
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that  our  best  approach  would  be  to  do  a  single  five-animal  group  per  day.  To  avoid 
mixups  and  to  facilitate  time  organization,  all  five  animals  used  on  any  given  day  were 
from  the  same  time  group,  but  the  order  of  groups  was  randomized,  and  we  had  dupli¬ 
cate  groups  for  those  time  periods  which  proved  to  be  most  critical  to  this  study.  In 
this  way  we  were  able  to  determine  that  our  techniques  did  not  produce  significant 
variation  from  day  to  day. 


RESULTS 

As  in  our  previously  reported  study,  we  found  that  the  greatest  concentration  of 
Se^®  in  the  salivary  glands  occurred  at  the  earliest  time  period  studied  (45  minutes 
post-injection)  and  that  the  amount  of  Se'^®  in  these  tissues  continued  to  decrease  in  all 
subsequent  time  intervals  up  to  24  hours  post-injection  (Figs.  2  and  3) .  These  data  con¬ 
firm  our  previous  finding  that  the  salivary  glands  are  permeable  to  selenium  but  sug¬ 
gest  that  these  glands  do  not  concentrate  the  selenium  prior  to  its  passage  into  the 
saliva.  It  was  interesting  that  the  curve  representing  activity  in  the  teeth  of  these 


TABLE  1* 


Group 

Parotid 

1  Submaxillar  Y 

Sublingual 

Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

Mean 

Standard 

Deviation 

A . 

B . 

P  values 

64.8 

68.7 

0.70>P>0.50 

±12.0 

±11.8 

79.5 

79.6 
P>0.90 

±15.5 

±13.3 

76.1 

79.0 

0.70>P>0.50 

±12.3 
±  6.6 

*  Values  reported  as  per  cent  of  the  blood  activity.  Group  A,  pilocarpine;  Group  B,  saline. 


animals  seemed  to  parallel  those  of  the  salivary  glands.  This  suggests  a  similar  mecha¬ 
nism  of  entry  of  Se’®  in  all  these  structures  (Fig.  3).  The  different  shape  of  the  saliva 
activity  curve  may  indicate  that  a  different  or  additional  mechanism  may  be  involved 
in  the  entry  of  selenium  into  saliva. 

Because  all  rats  in  this  study  received  pilocarpine  immediately  prior  to  removal  and 
counting  of  the  glands,  we  felt  that  it  was  important  to  rule  out  the  possibility  that  the 
sialogogue  caused  the  glands  to  expel  stored  selenium,  resulting  in  lowered  salivary 
gland  activity  measurements  and,  thereby,  erroneous  conclusions  as  to  the  ability  of 
the  glands  to  concentrate  the  selenium.  For  this  purpose  we  selected  ten  rats  of  similar 
age,  sex,  and  weight  and  divided  them  into  two  equal  groups  (A  and  B).  All  animals  of 
both  groups  were  anesthetized  with  ether  and  injected  (intracardiac)  with  0.1  ml.  of 
our  stock  selenium  injection  solution.  Two  hours  after  isotope  injection,  the  rats  were 
anesthetized  with  nembutal,  and  all  animals  of  group  A  given  our  usual  dose  of  pilo¬ 
carpine.  The  animals  of  group  B  received  similar  volumes  of  saline.  Ten  minutes  after 
pilocarpine  injection,  all  animals  were  sacrificed,  and  the  major  salivary  glands  of  each 
removed  for  counting. 

Table  1  shows  the  mean  values  and  standard  deviations  obtained  for  each  group  and 
tissue  type.  Group  comparison  tests  showed  no  significant  differences  between  tissues 
of  the  two  groups  (Table  1).  It  was  therefore  concluded  that  pilocarpine  as  used  in 
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these  and  previous  studies  had  no  significant  effect  upon  the  amounts  of  selenium 
present  in  the  salivary  glands.  These  findings  lend  further  support  to  our  belief  that, 
under  the  conditions  employed,  the  salivary  glands  do  not  concentrate  selenium. 

DISCUSSION 

It  has  been  reported  by  McConnell  that  selenium,  administered  to  dogs,  is  quite 
rapidly  bound  to  (or  incorporated  in)  many  of  the  plasma  and  cellular  proteins  of  the 
blood.®*  ®  Work  in  our  laboratory  confirms  these  findings.  We  have  been  able  to  demon¬ 
strate  a  very  rapid  association  of  Se’"  with  plasma  and  cellular  constituents  in  the 
blood  of  rats  following  intracardiac  administration  in  the  form  of  selenite.  As  early  as 
10  minutes  post-injection,  approximately  70  per  cent  of  the  total  activity  in  the  blood 
is  closely  associated  with  the  cellular  elements  and  the  acetone-precipitable  fraction  of 
plasma;  and  even  larger  portions  of  the  total  blood  activity  are  in  some  way  bound  to 
these  constituents  as  time  progresses.  Based  upon  our  results  and  upon  the  work  of 
others,  we  suggest  the  following  as  a  possible  general  explanation  of  the  events  which 
follow  intracardiac  administration  of  Se’®  in  rats. 

At  the  moment  after  injection,  a  small  portion  of  the  plasma  contains  all  the  in¬ 
jected  selenium  in  the  form  of  selenite.  Very  rapidly  this  small  portion  of  plasma  is 
diluted  by  the  circulating  intravascular  blood.  At  the  same  time,  more  and  more  of  the 
selenium  becomes  intimately  associated  with  many  of  the  constituents  of  the  plasma 
(probably  to  a  great  extent  with  the  various  plasma  proteins).  The  mechanism  of  asso¬ 
ciation  with  these  components  is  not  known  at  present,  though  the  work  of  several 
investigators  suggests  that  at  least  some  of  the  Se^®  may  replace  sulfur  in  the  amino 
acids  of  several  plasnu  proteins. 

Since  it  is  known  that  a  considerable  amount  of  the  plasma  proteins  in  the  animal 
always  remains  in  the  extravascular  spaces  and  since  an  intravascular-extravascular 
circulation  of  plasma  in  the  organs  is  constantly  maintained  in  healthy  animals,  it  is 
not  surprising  that,  within  minutes  after  injecting  the  isotope  into  the  blood,  sizable 
amounts  of  isotope  are  detected  in  almost  any  tissue  of  the  body.  Our  data  show  that 
during  the  first  hour  post-injection  the  measured  activity  per  unit  weight  of  blood  drops 
very  rapidly  to  approximately  12  per  cent  of  the  calculated  initial  activity  (Fig.  2). 
Although  we  recognize  that  a  small  portion  of  the  injected  selenium  is  excreted  via 
various  routes  during  this  time,  most  of  the  early  loss  of  activity  from  the  blood  must 
logically  be  ascribed  to  its  distribution  to  the  exravascular  spaces  of  the  body.  The 
relatively  free  interchange  of  intra-  and  extravascular  materials  within  most  organs  and 
tissues  has  been  well  established.  This  being  the  case,  it  is  logical  to  assume  that  tissues 
which  have  free  circulation  of  blood  throughout  and  which  do  not  actively  remove  or 
concentrate  the  radioactive  element  should  reflect  the  concentrations  of  isotope  in  the 
“freely  diffusable”  portion  of  the  blood  which  supplies  them.  Also  it  is  to  be  expected 
that  the  relative  amount  of  activity  per  unit  weight  of  these  tissues  should  reflect,  gen¬ 
erally,  the  relative  volume  of  blood  circulating  through  them  per  unit  time.  Inspection 
of  the  curves  presented  in  Figures  2  and  3  reveals  that  just  such  a  situation  may  exist 
in  the  three  salivary  glands  and  the  teeth  of  rats.  Note  that  these  three  organs  all  pre¬ 
sent  the  same  pattern  and  that  this  pattern  reflects  the  concentration  of  isotope  in  the 
blood  which  had  been  flowing  through  them  just  prior  to  their  removal  for  study.  Note 
also  that  the  position  of  each  curve  indicates,  in  a  general  fashion,  the  relative  blood 
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supply  to  each  organ.  Submaxillary  and  sublingual  are  highest,  parotid  gland  is  signif¬ 
icantly  lower  at  all  points  along  the  curve,  and  the  teeth  take  a  still  lower  position. 

The  curve  which  depicts  activity  per  unit  weight  of  saliva  is  interesting  in  that  it 
does  not  seem  to  reflect  the  blood  selenium  concentrations  as  do  the  other  organs 
studied.  This  non-conformity  may  indicate  a  different  or  additional  mechanism  which 
helps  to  determine  or  regulate  the  amount  of  selenium  which  reaches  the  saliva  from 
the  blood. 

SUMMARY 

Results  of  a  study  of  the  uptake  of  selenium"^®  by  salivary  glands,  teeth,  and  saliva 
of  the  rat  following  intracardiac  administration  are  presented.  The  following  conclu¬ 
sions  were  drawn:  The  salivary  glands  of  the  rat  are  permeable  to  selenium.  The  sali¬ 
vary  glands  apparently  do  not  store  or  concentrate  Se^“  during  the  first  24  hours  after 
administration.  Selenium  can  be  found  in  the  extravascular  portions  of  the  teeth  of  rats 
within  a  short  time  of  isotope  administration.  The  amount  of  Se’®  which  will  be  found 
in  the  salivary  glands  and  teeth  at  any  given  time  post-administration  depends  prima¬ 
rily  upon  the  concentration  of  the  isotope  in  the  “freely  diffusable  fraction”  of  the 
blood  and  upon  the  volume  of  blood  flow  through  the  organ  per  unit  time. 

The  authors  gratefully  acknowledge  the  assistance  of  Mrs.  Ethel  Dvorak. 
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The  administration  of  penicillin  or  streptomycin  in  the  diet  of  rice  rats  has  been  shown 
to  result  in  major  reductions  in  the  p>eriodontal  syndrome.^  The  lesions  of  the  soft  tis¬ 
sues  were  benefited  particularly  by  this  procedure,  while  the  lesions  of  the  calcified  tis¬ 
sues  were  influenced  much  less  dramatically.  In  an  effort  to  understand  more  fully  the 
role  of  the  antibiotics  in  this  syndrome,  polymyxin  B  sulfate,t  erythromycin  gluco- 
heptonate,^:  and  a  benzylpenicillin  preparation^  have  been  evaluated  at  various  levels 
in  the  diet  on  a  preventive  basis,  while  a  benzylpenicillin  preparation,  streptomycin 
sulfate  1 1  and  oxy tetracycline#  hydrochloride  have  been  tested  for  their  curative  ability. 

EXPERIMENTAL  METHODS 

The  first  experiment  was  conducted  with  rice  rats  raised  in  our  colony  to  test  the 
influence  of  dietary  supplements  of  polymyxin  B  sulfate  and  erythromycin  glucohep- 
tonate  on  the  incidence  of  the  periodontal  syndrome.  The  selection  of  polymyxin  B 
sulfate  and  erythromycin  glucoheptonate  as  suitable  antibiotics  to  test  in  this  experi¬ 
ment  was  made  on  the  basis  of  a  commonly  used  typ>e  of  in  vitro  test.  Standardized 
filter-paper  disks  impregnated  with  known  amounts  of  a  specific  antibiotic  were  placed 
on  agar  plates  of  appropriate  media.  These  plates  had  previously  been  streaked  with 
cultures  of  micro-organisms  isolated  from  the  oral  cavities  of  rice  rats  with  extensive 
periodontal  lesions.  Since  the  enterococci  seemed  to  be  most  closely  associated  with  the 
periodontal  syndrome,  influences  by  the  antibiotics  upon  these  micro-organisms  were 
considered  most  heavily  in  the  selection.  The  levels  of  antibiotics  chosen  were  those 
which  caused  readily  recognizable  effects  on  the  growth  of  the  micro-organisms  as  evi¬ 
denced  in  the  zone  of  inhibition. 

The  experimental  subjects  were  separated  at  weaning  into  5  groups  that  were  as 
comparable  as  possible  with  respect  to  parentage  and  sex.  The  first  group  of  rice  rats 
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was  maintained  on  diet  700  as  controls.^  The  second  and  third  groups  were  fed  diet  700 
supplemented  with  0,033  and  0.198  per  cent  polymyxin  B  sulfate,  respectively.  These 
levels  were  selected  on  the  basis  of  the  above  in  vitro  tests,  which  suggested  that 
amounts  of  50-300  units  of  polymyxin  B  sulfate  needed  to  be  present  in  the  oral  cavity 
at  any  one  time.  The  polymyxin  B  sulfate  preparation  that  we  used  contained  1  unit  of 
activity  per  0.16  ju,g.  of  weight.  Lacking  any  valid  way  to  determine  the  size  of  a  food 
bolus  for  the  rice  rat,  we  assumed  a  value  of  25  mg.  From  these  values,  the  levels  of 
0.33  and  1.98  gm/kg  of  diet  (0.033  and  0.198  per  cent)  were  calculated.  The  fourth 
and  fifth  groups  were  fed  diet  700  supplemented  with  0.012  and  0.072  per  cent  erythro¬ 
mycin  glucoheptonate.  The  in  vitro  tests  suggested  that  2-12  /xg.  of  erythromycin 
glucoheptonate  would  be  desirable  in  the  oral  cavity  at  a  given  time.  The  commercial 
preparation  used  contained  1 .0  mg.  of  active  erythromycin  glucoheptonate  per  1 .4  mg. 
This  figure,  with  the  assumption  again  of  a  25-mg.  bolus  of  food,  resulted  in  the  levels 
of  0.12  and  0.72  gm/kg  of  diet  (0.012  and  0.072  per  cent).  These  diets  and  tap  water 
were  provided  to  the  rats  ad  libitum. 

In  a  second  experiment  the  curative  influences  of  supplements  to  the  diet  of  0.05  per 
cent  of  a  benzylpenicillin  preparation,  0.05  per  cent  oxytetracycline  hydrochloride,  and 
a  combination  of  0.025  per  cent  of  a  benzylpenicillin  preparation  and  0.025  per  cent 
streptomycin  sulfate  were  tested.  Rice  rats  from  our  stock  colony  were  distributed  by 
litter  and  sex  among  9  groups.  Groups  1,  5,  and  9  were  composed  of  control  subjects 
that  were  maintained  on  ration  700  for  10,  12,  and  20  weeks,  respectively,  before  they 
were  sacrificed.  The  rice  rats  in  groups  2,  3,  and  4  were  maintained  on  ration  700  only 
for  the  first  10  weeks  of  the  experiment  and  were  then  transferred  to  ration  700  supple¬ 
mented  with  one  of  the  antibiotic  levels  for  an  additional  10  weeks.  The  rice  rats  in 
groups  6,  7,  and  8  were  maintained  on  ration  700  for  the  first  12  weeks  of  the  experi¬ 
ment  and  were  then  transferred  to  an  antibiotic  regimen  for  an  additional  8  weeks.  The 
rice  rats  in  groups  2  and  6  received  the  combination  of  0.025  per  cent  of  a  benzylpeni¬ 
cillin  preparation  and  0.025  per  cent  streptomycin  sulfate  during  the  second  part  of 
their  experimental  regimen.  The  rice  rats  in  groups  3  and  7  received  the  dietary  supple¬ 
ment  of  0.05  per  cent  of  a  benzylpenicillin  preparation,  while  those  animals  in  groups 
4  and  8  received  the  supplement  of  0.05  per  cent  oxytetracycline  hydrochloride. 

These  experiments  lasted  for  a  total  of  20  weeks,  at  which  time  the  rice  rats  were 
sacrificed  during  excessive  ether  anesthesia,  the  heads  stored  in  95  per  cent  ethanol, 
skinned,  and  scored  for  periodontal  lesions  by  the  method  of  Gupta  and  Shaw.® 

In  the  third  experiment,  the  preventive  influences  of  0.01  and  0.005  per  cent  of  a 
benzylp>enicillin  preparation,  0.01  and  0.005  p)er  cent  erythromycin  glucoheptonate, 
and  0.03,  0.01,  and  0.005  per  cent  polymyxin  B  sulfate  were  tested.  This  experiment 
was  conducted  in  two  parts,  with  the  levels  of  the  benzylpenicillin  preparation  and 
erythromycin  glucoheptonate  being  evaluated  in  the  5  groups  of  the  first  half  and  the 
levels  of  polymyxin  B  sulfate  in  the  4  groups  of  the  second  half.  In  an  attempt  to  im¬ 
prove  our  assay  procedure  for  the  periodontal  syndrome  in  the  rice  rat,  periodic  oral 
examinations  were  conducted  on  the  subjects  in  this  exi>eriment.  The  rate  of  progress  of 
the  syndrome  among  about  three-quarters  of  the  subjects  was  sufficient  at  1 2  weeks  on 
experiment  to  permit  ideal  scoring.  Therefore,  these  rice  rats  were  sacrificed  after  12 
weeks  on  experiment  instead  of  20  weeks,  as  had  been  used  routinely  in  previous  experi¬ 
ments.  The  remaining  quarter  of  the  experimental  subjects  were  sufliciently  resistant 
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even  after  20  weeks  on  experiment  that  they  were  discarded  as  far  as  this  experiment 
was  concerned  and  continued  to  determine  if  and  when  their  periodontal  structures 
would  be  influenced  adversely  by  the  regimen.  In  this  discarding  process,  if  the  repre¬ 
sentative  of  a  litter  in  the  control  group  was  free  of  grossly  detectable  evidence  of  the 
periodontal  syndrome,  the  entire  litter  was  excluded  from  the  experiment.  The  same 
procedures  were  followed  for  killing,  fixing,  and  evaluating  the  periodontal  lesions  as  in 
the  previous  experiments. 

RESULTS 

The  results  for  the  influence  of  the  higher  amounts  of  polymyxin  B  sulfate  and 
erythromycin  glucoheptonate  used  in  the  first  experiment  are  shown  in  Table  1.  The 
final  body  weights  and  the  incidence  of  lesions  in  the  soft  and  calcified  tissues  of  the 
periodontium  for  the  control  animals  are  typical  for  the  general  population  of  rice  rats 
represented  by  our  present  colony.  As  evidenced  by  the  standard  errors  of  the  means 
for  the  evaluation  of  the  periodontal  syndrome  in  both  soft  and  calcified  tissues,  this 
population  has  a  fairly  high  degree  of  variability  of  susceptibility  to  the  periodontal 
syndrome.  This  variability  is  considered  by  us  to  be  within  the  range  to  be  expected 
for  the  expression  of  a  disease  entity  of  complex  etiology  in  an  experimental  strain 
that  has  been  in  the  laboratory  for  an  insufficient  number  of  generations  to  permit 
genetic  refinement.  On  the  basis  of  preliminary  tests,  the  variability  within  the  strain 
appears  to  result  from  constitutional  variations  from  rat  to  rat  and  not  from  a  lack 
of  transmission  of  the  necessary  microbial  flora  to  the  oral  cavity  of  the  experimental 
subjects.  Intensive  efforts  are  being  made  to  select  and  inbreed,  in  order  to  develop 
individual  strains  that  are  highly  predictable  with  respect  either  to  proneness  to,  or 
resistance  to,  the  periodontal  syndrome. 

Both  levels  of  polymyxin  B  sulfate  and  erythromycin  glucoheptonate  had  no 
marked  influence  on  the  growth  and  development  of  the  rice  rats  or  on  their  general 
appearance,  behavior,  and  rate  of  survival.  There  was  a  suggestion  that  the  higher 
level  of  polym5rxin  B  sulfate  was  approaching  a  toxic  dosage,  since  both  the  males 
and  the  females  grew  slightly  less  rapidly  and  attained  slightly  lower  final  body 
weights  than  the  controls.  These  differences,  however,  were  not  striking,  nor  should 
they  be  considered  to  be  surprising  in  view  of  the  very  high  level  fed  in  the  diet. 

Both  levels  of  erythromycin  glucoheptonate  caused  highly  significant  reductions  in 
lesions  of  the  soft  tissues  and  of  the  hard  tissues.  In  the  case  of  the  soft  tissues,  these 
reductions  constituted  practically  complete  prevention  of  the  periodontal  syndrome;  only 
2  of  19  rice  rats  in  group  4  and  3  of  19  in  group  5  had  any  visually  detectable  evidence 
of  soft-tissue  abnormality.  With  respect  to  the  calcified  tissues  of  the  periodontium, 
the  reductions  in  the  syndrome  were  not  so  striking  on  a  {percentage  basis,  although 
still  highly  significant  from  a  statistical  standpoint.  In  contrast  to  the  benefit  to  the 
soft  tissues,  no  rice  rat  in  groups  4  and  5  was  entirely  free  of  bone  resorption,  even 
though  33  of  the  38  were  free  of  grossly  detectable  abnormalities  of  the  soft  tissues. 

Both  levels  of  polymyxin  B  sulfate  caused  striking  reductions  in  soft-tissue  lesions 
and  lesser  reductions  in  hard-tissue  lesions.  The  reduction  for  the  number  of  soft-tissue 
areas  was  significant  at  the  1  per  cent  level,  while  the  reductions  for  the  extent  of 
the  soft-tissue  lesions  and  for  both  the  number  and  extent  of  hard-tissue  lesions  were 
significant  at  the  5  per  cent  level.  Six  of  the  17  rice  rats  in  group  2  and  6  of  the  19 


f 


v<d.  40,  No.  3 


ANTIBIOTICS  AND  THE  PERIODONTAL  SYNDROME  515 


in  group  3  had  some  evidence  of  soft-tissue  pathology.  None  of  the  36  rice  rats  in 
groups  2  and  3  were  free  of  lesions  of  the  mineralized  tissues.  The  incidence  of  the 
periodontal  syndrome  in  the  rice  rats  on  the  lower  level  of  polymyxin  B  sulfate  was 
not  strikingly  different  from  that  of  the  rice  rats  provided  with  the  high  level  of 
polymyxin  B  sulfate  or  those  provided  with  the  two  levels  of  erythromycin  gluco- 
heptonate.  However,  there  were  suggestions  that  the  lower  level  of  polymyxin  B  sulfate 
was  approaching  the  range  of  ineffectiveness,  while  there  was  no  evidence  of  this  for 
the  lower  level  of  erythromycin  glucoheptonate. 

The  results  of  the  second  experiment  are  presented  in  Table  2.  No  adverse  influence 
upon  general  health  and  body-weight  gains  was  noted  in  any  of  the  antibiotic  groups. 
The  supplementation  of  diet  700  with  0.05  per  cent  of  a  benzylpenicillin  preparation 
or  with  a  combination  of  0.025  per  cent  of  a  benzylpenicillin  preparation  and  0.025 
per  cent  streptomycin  sulfate  for  10  weeks  after  10  weeks  on  diet  700  resulted  in  these 
rice  rats  with  an  average  number  of  soft-tissue  areas  and  an  average  extent  of  soft- 
tissue  areas  that  were  highly  significantly  less  than  the  comparable  averages  for  their 
littermates  maintained  for  20  weeks  on  diet  700.  The  supplement  of  0.05  per  cent 
oxytetracycline  hydrochloride  was  slightly  less  effective  under  the  same  comparative 
circumstances.  When  the  groups  of  rats  maintained  on  the  three  antibiotic  regimens 
were  compared  with  their  controls  that  were  sacrificed  at  least  10  weeks — the  time 
when  the  antibiotic  administration  was  begun — the  periodontal  syndrome  in  the  soft 
tissues  of  the  experimental  rats  was  noted  to  be  less  severe  than  for  the  controls  but 
by  amounts  which  were  at  the  borderline  of  significance.  In  the  comparison  of 
the  number  of  areas  of  calcified-tissue  lesions  in  the  experimental  groups  and  in  the 
10-  and  20-week  control  groups,  no  significant  differences  were  noted.  This  was  largely 
because  almost  every  area  of  the  calcified  tissue  had  been  affected  to  some  extent  by 
the  tenth  week  on  experiment.  However,  when  the  extent  of  the  periodontal  syndrome 
was  compared  between  the  3  antibiotic  groups  and  the  20-week  control  group,  highly 
significant  reductions  were  noted  in  all  3  antibiotic  groups.  However,  the  average 
extent  in  the  antibiotic  groups  was  almost  identical  with  that  for  the  10- week  control 
group.  This  would  indicate  that  these  antibiotic  regimens  had  been  able  to  stop  the 
progress  of  the  lesions  of  the  calcified  tissues  but  had  not  been  adequate  to  encourage 
or  assist  in  any  repair.  In  contrast,  the  soft-tissue  lesions  during  this  length  of  anti¬ 
biotic  therapy  had  not  only  been  stopped  in  further  progress,  but  some  healing  had 
occurred. 

In  the  remaining  groups  of  the  second  experiment,  where  the  purified  diet  had  been 
given  for  12  weeks  followed  by  8  weeks  of  antibiotic  administration,  the  results  were 
similar.  However,  the  shorter  period  of  antibiotic  administration  made  possible  a 
further  separation  of  the  effectiveness  of  the  three  antibiotic  regimens.  The  supplement 
of  0.05  per  cent  of  a  benzylpenicillin  preparation  was  the  most  effective  in  a  curative 
capacity,  while  oxytetracycline  hydrochloride  and  the  combination  of  a  benzylpenicillin 
preparation  and  streptomycin  sulfate  were  definitely  inferior. 

The  results  of  the  third  experiment  are  tabulated  in  Table  3.  On  a  preventive  basis 
throughout  the  entire  experimental  period,  levels  of  a  benzylpenicillin  preparation 
and  of  erythromycin  glucoheptonate  as  low  as  0.01  and  0.005  per  cent  in  the  diet 
resulted  in  highly  significant  reductions  in  the  development  of  lesions  of  both  the  soft 
tissues  and  the  calcified  tissues  of  the  periodontium.  As  in  earlier  studies,  the  soft  tissues 
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were  most  favorably  affected,  with  almost  complete  prevention  of  the  periodontal 
syndrome.  While  the  benefits  to  the  calcified  tissues  were  remarkable,  even  so,  modest 
scores  occurred  in  practically  all  experimental  subjects.  The  levels  of  polymyxin  B 
sulfate  used  in  this  experiment  (0.03,  0.01,  and  0.005  per  cent)  proved  to  be  incapable 
of  influencing  the  occurrence  of  the  periodontal  syndrome.  Although  there  had  been 
trends  in  the  first  experiment  that  made  it  seem  likely  that  the  lower  level  of  polymyxin 
B  sulfate  used  was  about  at  the  least  effective  level,  it  was  surprising  that  the  closely 
similar  level  used  as  the  highest  one  in  this  experiment  was  entirely  ineffective.  One 
possible  explanation  for  this  discrepancy  may  have  been  the  fact  that  two  different 
batches  of  polymyxin  B  sulfate  were  used  for  the  two  experiments  that  had  slightly 
different  activity  values. 


DISCUSSION 

In  the  two  experiments  conducted  on  a  preventive  basis,  a  benzylpenicillin  prep¬ 
aration,  erythromycin  glucoheptonate,  and  polymyxin  B  sulfate  at  the  highest  levels 
tested  were  approximately  equal  to  each  other  in  their  ability  to  prevent  the  develop¬ 
ment  of  lesions  of  the  soft  tissues  of  the  periodontium  and  to  retard  alveolar  bone 
resorption,  loosening,  and  pathologic  wandering  of  the  teeth.  However,  at  the  lowest 
levels  tested,  a  benzylpenicillin  preparation  and  erythromycin  glucoheptonate  con¬ 
tinued  to  be  highly  effective,  while  polymyxin  B  sulfate  was  ineffective.  The  lowest 
levels  of  a  benzylpenicillin  preparation  and  erythromycin  gucoheptonate  tested  were 
similarly  effective  and  were  surprisingly  low,  indicating  that  the  micro-organisms 
capable  of  producing  the  periodontal  syndrome  were  particularly  sensitive  to  these 
antibiotics.  If  the  assumption  that  the  food  bolus  in  a  rodent  as  small  as  a  rice  rat 
weighs  25  mg.  is  approximately  correct,  the  lowest  level  (0.005  per  cent)  of  these 
antibiotics  in  the  diet  would  provide  only  1.25  )u,g.  per  food  bolus. 

The  levels  of  a  benzylpenicillin  preparation  and  erythromycin  glucoheptonate  used 
in  the  third  experiment  appear  to  have  been  more  effective  than  comparable  levels  in 
the  first  experiment,  especially  with  respect  to  the  lesions  of  the  calcified  tissues  of 
the  periodontium.  This  difference  is  probably  explainable  on  the  basis  of  the  shorter 
assay  period  of  12  weeks  in  the  third  experiment  in  comparison  with  20  weeks  in  the 
first  experiment.  The  longer  experimental  period  appears  to  have  provided  the  oppor¬ 
tunity  for  undetectable  incipient  lesions  to  develop  sufficiently  in  the  additional  8 
weeks  to  be  readily  demonstrable  in  the  scoring  procedure. 

On  a  curative  basis,  a  benzylpenicillin  preparation  was  found  to  be  more  effective 
than  oxytetracycline  hydrochloride  or  a  mixture  of  a  benzylpenicillin  preparation  and 
streptomycin  sulfate.  The  results  in  this  experiment  were  much  less  striking  than  those 
in  the  preventive  experiments.  While  regression  of  the  soft-tissue  lesions  appeared  to 
have  taken  place  to  a  definite  degree,  no  evidence  of  any  repair  was  observed  in  the 
alveolar  bone,  although  further  progress  of  the  lesions  had  been  greatly  retarded. 

These  studies  clearly  indicated  that  there  is  a  strong  microbial  component  in  the 
etiology  of  the  periodontal  syndrome  in  the  rice  rat.  However,  it  should  be  emphasized 
that  the  principal  benefit  occasioned  by  the  effective  antibiotic  was  with  respect  to 
the  soft  tissues  of  the  periodontium,  where  almost  complete  prevention  had  been  pos¬ 
sible,  as  well  as  partial  repair  in  curative  tests.  While  the  rate  of  alveolar  bone  re¬ 
sorption  was  greatly  reduced  as  a  result  of  effective  antibiotic  regimens,  there  was  a 
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strong  tendency  for  the  alveolar  bone  resorption  to  continue  at  a  reduced  but  relentless 
rate,  even  in  the  absence  of  visually  detectable  lesions  of  the  soft  tissues  and  in  the 
absence  of  visible  oral  factors  such  as  calculus  formation  and  food  or  hair  impaction. 

SUMMARY 

Three  hundred  and  sixty-two  rice  rats  were  used  in  the  study  of  the  influence  of 
antibiotics  on  the  prevention  and  treatment  of  the  periodontal  syndrome. 

A  benzylpenicillin  preparation  and  erythromycin  glucoheptonate  were  highly  effec¬ 
tive  in  the  prevention  of  the  syndrome,  even  at  levels  as  low  as  0.005  per  cent  in  the 
diet.  Polymyxin  B  sulfate  was  effective  at  high  levels  but  ineffective  at  comparably 
low  levels. 

In  curative  trials,  a  benzylpenicillin  preparation  resulted  in  a  regression  of  the  soft- 
tissue  lesions  but  was  able  only  to  retard  the  further  progress  in  alveolar  bone  re¬ 
sorption.  Oxytetracycline  hydrochloride  and  a  combination  of  a  benzylpenicillin  prep¬ 
aration  and  streptomycin  sulfate  were  less  effective  than  a  benzylpenicillin  preparation 
alone  in  the  curative  trials. 

The  B -complex  vitamins  in  the  diets  were  supplied  by  Dr.  Lyon  P.  Strean,  Merck,  Sharp  &  Dohme 
Research  Laboratories,  West  Point,  Pa.  The  polymyxin  B  sulfate  was  supplied  by  Chas.  Pfizer  &  Co., 
Inc.,  Brooklyn,  N.Y. 
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changes  in  the  Connective  Tissue  of  Rats  Fed  Toxic 
Diets  Containing  Molybdenum  Salts 
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During  the  past  few  years  molybdenum  has  been  demonstrated  to  be  an  integral  part 
of  several  enzyme  systems.^  This  is  presumptive  evidence  that  molybdenum  is  a  re¬ 
quired  nutrient  for  animals.  More  convincing  evidence  would  be  the  demonstration 
of  a  requirement  of  the  mineral  for  growth  or  normal  development,  but  this  has  not 
been  accomplished.  Experiments  with  chicks  by  Reid,  Kurnick,  Suacha,  and  Couch^ 
indicated  a  growth  stimulation  by  molybdenum  salts;  however,  these  findings  have 
been  questioned  because  of  the  sulfate  concentration  used  in  the  rations.  Thus  the 
dietary  requirement  for  molybdenum  remains  less  well  established  than  for  some  of 
the  other  trace  elements.  Experiments  by  workers  in  other  arezis  have  provided  data 
which  suggest  that  molybdenum  salts  may  have  a  cariostatic  action.  Two  of  these 
studies  used  rats,^*  *  and  two  others  involved  dietary  surveys  on  human  populations.®-  ® 
In  many  other  studies  molybdenum  has  been  shown  to  exert  a  toxic  effect  on  animals 
when  fed  at  elevated  levels.*"®  Some  of  the  toxic  effects  produced  by  the  administration 
of  molybdenum  which  have  been  reported  are  anemia,  diarrhea,  fragility  of  bones, 
elevated  alkaline  phosphatase  of  liver,  reduced  activity  of  liver  sulfide  oxidase,  and, 
more  recently,  our  laboratory  has  reported  the  occurrence  of  mandibular  exostoses  in 
rats  of  the  NMRI-D  strain.®  The  present  paper  reports  some  observations  on  rats  fed 
toxic  diets  containing  molybdenum  and  the  results  of  histological  examination  of  dental 
tissues  from  these  animals. 


EXPERIMENTAL  METHODS 

Albino  rats  of  the  NMRI-D  strain  were  used  for  these  experiments.  The  rats  were 
21  days  of  age  and  between  29  and  51  gm.  in  weight  at  the  start  of  the  experiment, 
when  they  were  placed  in  individual  stainless-steel,  wire-bottomed  cages  and  main¬ 
tained  in  an  air-conditioned  room.  Two  groups  of  animals  were  employed.  The  control 
group  was  fed  a  diet  containing  the  following  ingredients:  “vitamin-test”  casein,  20.0 
per  cent;  sucrose,  67.2;  U.S.P.  XIV  salt  mixture,  4.0;  vitamin  mixture,  2.2;  and  corn 
oil,  6.6.  The  test  group  was  fed  a  toxic  diet  containing  molybdenum,  prepared  by 
adding  0.1  gm.  of  Na2Mo04  •  211^0  to  100  gm.  of  the  basal  diet.  This  amount  of 
sodium  molybdate/100  gm  of  diet  provided  a  level  of  400  p.p.m.  molybdenum,  or 
0.4  mMoles  of  sodium  molybdate/ 100  gm  of  diet.  Distilled  water  was  available  ad 
libitum  to  both  groups  of  animals. 


The  opinions  contained  herein  are  the  private  ones  of  the  authors  and  are  not  to  be  construed  as 
official  or  reflecting  the  views  of  the  Navy  Department  or  the  naval  service  at  large. 
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The  weight  of  each  rat  was  recorded  weekly.  At  the  termination  of  the  experiment 
after  5  weeks,  the  hearts  of  all  animals  were  punctured  and  blood  samples  obtained 
for  the  determination  of  hemoglobin,  hematocrit,  and  white-cell  count.  At  autopsy  each 
animal  was  examined  for  mandibular  and  maxillary  exostoses.  These  tissues  were 
removed  from  control  and  experimental  animals,  stripped  of  soft  tissue  down  to  the 
periosteum,  and  fixed  in  neutral  formalin.  After  examination  of  the  specimens  by  radio¬ 
graphs  and  at  magnifications  of  IS  and  60 X,  the  mandibles  of  two  control  animals 
and  of  four  test  animals  showing  exostosis  above  the  masseteric  ridge  were  decalcified, 
imbedded  in  paraffin,  sectioned  in  mesiodistal  or  buccolingual  longitudinal  plane,  and 
stained  with  hematoxylin  and  eosin. 


Fig.  1. — Growth  response  of  the  NMRI-D  rat  on  a  purified  diet  with  and  without  400  p.p.m. 
sodium  molyhdate  supplementation,  in  terms  of  body  weight. 

RESULTS  AND  DISCUSSION 

Growth  responses. — The  mean  weights  of  the  rats  fed  the  diet  containing  sodium 
molybdate  were  markedly  less  than  the  control  animals  (Fig.  1).  After  5  weeks  on 
the  experimental  diets,  the  control  group  had  a  mean  weight  of  160  gm.,  in  comparison 
with  the  molybdenum  group,  which  averaged  109  gm.  Ten  of  the  twenty  rats  on  the 
molybdenum  supplementation  developed  mandibular  exostoses.  An  examination  of  the 
weight  gains  indicated  that  the  rats  which  formed  exostoses  were  those  which  also 
showed  the  poorest  weight  gains.  The  correlation  of  weight  gains  with  the  development 
of  exostoses  is  shown  in  Table  1.  It  should  be  noted  that  the  rats  which  did  not  de¬ 
velop  exostoses  had  a  mean  body  weight  of  133.7  gm.,  which  is  less  than  the  control 
group,  and  thus  this  subgroup  also  demonstrated  some  indications  of  poisoning.  It  is 
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not  possible  at  the  present  time  to  determine  the  reason  for  the  difference  in  response 
to  molybdenum  shown  by  the  two  subgroups.  Genetic  constitution  and  individual 
animal  differences  in  the  storage  of  compounds  which  might  mitigate  the  effects  of 
molybdenum  are  two  possibilities.  It  is  known  that  molybdenum  toxicity  can  be 
ameliorated  by  a  number  of  compounds  such  as  methionine,  cystine,  thiosulfate,  and 
sodium  sulfate.  That  the  first  three  of  the  above  substances  can  give  rise  to  inorganic 
sulfate  suggests  that  inorganic  sulfate  is  the  active  metabolic  antagonist  of  molybdate.’® 
Further  studies  on  the  blood  or  tissue  content  of  these  substances  might  be  fruitful. 


TABLE  1 

CORREI.ATIO.N  OF  OCCURRENCE  OF  MANDIBULAR  EXOSTOSES  WITH 
Deviation  from  Mean  Body  Weight 


No.  OF  Rats  with  Deviation 

FROM 

Mf.an  Body 
Weight 
(Gu.) 

Mean  Weight 

MoLVBDEM'M 

No.  OF 

Toxic  Rats 

Rats 

>15  Gm. 

-IS  to 
— 10  Gm. 

-10  to 
+ 10  Gm. 

>+ 10  Gm. 

10 

84.8 

7 

2 

0 

1 

Without  exostoses.  .  .  . 

10 

133.7 

1 

0 

1 

8 

Total . 

20 

109.3 

8 

2 

1 

9 

TABLE  2 
Blood  Data* 


Determination 

4  Control 
Rats 

1  Molybdenum  Toxic  Rats 

7  Rats  with 
Exostoses 

8  Rats  without 
Exostoses 

All  Molybdenum 
Toxic  Rats 

Hemoglobin  (gm/100  ml) . 

Hematocrit  (per  cent) . 

MCHC  Per  cent . 

WBC/mm» . 

13.8  +  0.8 
43.7±2.0 
31.5±1.5 
3,350 

8. 4+0. 9 
29.2±3.4 
29.5  +  2.1 
3,450 

13.2  +  0.4 
42.6+1.9 

31.2  +  1.3 
3,450 

11.0  +  0.8 
36.4  +  2.6 
30.4+1.2 
3,450 

*  Values  presented  are  mean  figures  ±  standard  error. 


Hematology. — In  Table  2  data  are  presented  concerning  the  values  for  hemoglobin, 
hematocrit  readings,  mean  corpuscular  hemoglobin  concentration,  and  white-blood-cell 
count;  and,  since  the  weight  responses  of  the  rats  to  molybdenum  indicated  a  distri¬ 
bution  which  correlated  with  the  occurrence  of  exostoses,  the  data  on  blood  also  are 
broken  down  into  subgroups.  It  was  observed  that  the  rats  which  received  the  molyb¬ 
denum  supplementation  and  developed  exostoses  had  hemoglobin  concentrations  far 
below  that  found  in  the  controls.  Likewise,  the  hematocrit  values  in  this  subgroup 
were  low  and  the  mean  corpuscular  hemoglobin  concentration  a  little  less  than  in  the 
controls.  The  rats  receiving  molybdenum  but  which  did  not  form  exostoses  were  not 
perceptibly  different  from  the  control  rats.  All  groups  had  similar  white-blood-cell 
counts. 
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Histologic  findings. — Radiographic  and  macroscopic  examination  showed  exostosis 
on  ten  of  the  twenty  sets  of  mandibles;  but  no  cases  of  gross  condylar  deformation, 
molar  tipping,  or  deformation  of  the  incisors,  as  described  in  osteolathyrism  by 
Gardner,  Dasler,  and  Weinman,^^  were  found. 

In  microscopic  examination,  all  experimental  samples  showed  large  areas  of  exostosis 
on  the  lateral  surface  of  the  mandibles,  extending  to  the  inferior  border  and  to  the 
angle  formed  by  the  ramus,  as  well  as  on  the  coronoid  and  condyloid  processes.  The 
exostoses  were  superficial  to  the  normal-appearing  cortical  plate  (Fig.  2)  and  appeared 


Fig.  2. — Buccolingual  longitudinal  section  of  rat  mandible  below  mesial  surface  of  first  molar  after 
35  days  on  toxic  diet  containing  molybdenum.  Exostosis  appears  superficial  to  buccal  cortical  plate. 
Calciotraumatic  line  in  shown  in  incisor.  (H.  and  E.  stain,  mag.  X48.) 


trabeculated  along  the  lines  of  muscle  pull.  At  higher  magnification  a  basophilic  area 
was  observed  at  the  surface  of  the  exostoses,  and  eosinophilic  lakes  were  observed  in 
the  insertion  site  of  the  masseter  muscle  (Fig.  3).  At  1,900X  magnification,  the 
basophilic  surface  demonstrated  basophilic  globules  (Fig.  4)  similar  to  those  reported 
by  Selye^^  and  Gardner.^^  Two  experimental  animals  showed  moderately  small  spurlike 
exostoses  extending  medially  from  the  inferior  aspect  of  the  alveolar  crest  of  the 
mandibular  incisor. 

Although  no  molar  malposition  was  recognized,  the  supporting  tissues  showed  histo¬ 
logic  abnormalities  suggestive  of  mesial  rotation  of  the  molars.  Spurlike  hypercemen- 
toses  were  seen  on  the  molars  at  the  cemento-enamel  junction  and  related  to  the  in- 
.sertion  of  the  transseptal  fibers  of  the  periodontal  ligament  (Fig.  5).  Marked  hyper- 
cementosis  on  the  mesial  surfaces  of  the  apical  piortion  of  most  molar  roots  was  asso- 
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ciated  with  tensed-  versus  relaxed-appearing  periodontal  fibers  and  osteogenic  activity 
pathognomonic  of  tooth  movement  (Fig.  6).  In  S6-day-old  rats,  this  degree  of  hyper- 
cementosis  would  seem  significant.  At  the  surface  of  the  lamina  dura  in  areas  of  tensed 
periodontal  fibers,  basophilic  bodies  similar  to  Selye’s  bone  globules  were  seen  (Fig. 
7).  In  general,  the  irregularity  and  basophilia  observed  in  the  incremental  lines  of  the 
lamina  dura  and  the  supporting  trabecular  bone  were  suggestive  of  altered  activity. 
The  mandibular  marrow  appeared  normal. 

The  molar  tissues  appeared  normal.  The  experimental  incisor  tissues  showed  non- 


Fig.  S. — Hypercementosis  at  insertion  site  of  transseptal  fibers  of  periodontal  membrane  at  distal 
surface  of  second  molar  of  rat  after  3S  days  on  toxic  diet  containing  molybdenum.  (H.  and  E.  stain, 
mag.  XSOO.) 

specific  abnormalities.  Concentric  hypocalcified  rings  were  seen  most  clearly  in  cross- 
sections  of  the  dentin  cut  near  the  level  of  the  alveolar  crest  (Fig.  2).  The  odonto¬ 
blastic  layer  was  grossly  disarranged  in  all  parts,  as  seen  most  clearly  in  the  apical 
third  (Fig.  8),  where  the  granular-appearing  odontoblastic  cells  were  interlaced  with 
numerous  fibroblasts  and  lymphocytes,  as  well  as  modest  numbers  of  extravascular 
erthyrocytes  and  phagocytic  cells.  Trapped  nuclear  material  was  occasionally  found 
in  the  dentin  and  predentin  of  the  experimental  incisors.  No  abnormalities  were  seen 
in  the  incisor  enamel  and  ameloblastic  tissues. 

To  a  degree,  the  cementum  spurs  observed  in  this  study  appear  similar  to  Miglani’s 
observation  in  hypervitaminosis  The  occurrence  of  Selye’s  “bone  globules”  in 
the  lamina  dura  does  not  appear  to  have  been  reported  elsewhere.  With  these  two 
exceptions,  as  well  as  the  abnormalities  observed  in  the  incisor  odontoblastic  layer. 


1  surface  of  mesial  root  of  mandibular 

old  rat  after  35  days  on  toxic  diet  containing  molybdenum.  (H.  and  E.  stair 


Fig.  8. — Sagittal  section  in  apical  third  of  incisor  root.  Disorganized  odontoblastic  layer  contains 
granular-appearing  odontoblastic  cells  interlaced  by  numerous  lymphocytes  and  fibrobl^ts,  modest 
numbers  of  erythrocytes  and  occasional  phagocytic  cells.  (H.  and  £.  stain,  mag.  X  250.) 


molybdenum  might  predispose  systemic  disease  and  periodontal  changes.  For  these 
reasons,  histologic  study  of  the  dental  tissues  is  planned  in  association  with  this 
activity’s  third  study  in  this  field:  the  cariostatic  influence  of  low-level  dietary  molyb¬ 
denum  in  the  NMRI-D  rat. 

SUMMARY 

Molybdenum  toxicity  was  produced  in  rats  of  the  NMRI-D  strain  by  adding  400 
p.p.m.  molybdenum  as  sodium  molybdate  to  a  basal  purified  diet. 

Fifty  per  cent  of  the  animals  receiving  the  molybdenum  showed  markedly  poorer 
growth  responses,  low  hemoglobin  levels,  low  hematocrit  values,  and  developed  man¬ 
dibular  exostoses. 
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The  mandibles  and  teeth  were  subjected  to  histologic  examination  which  indicated 
that  the  morphologic  changes  attendant  on  molybdenum  toxicity  resembled  lathyrism 
except  for  minor  details. 
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It  has  been  shown  that  acid  solubility  of  both  powdered  and  intact  enamel  is  altered  by 
contact  with  certain  dental  materials.^  A  marked  reduction  in  the  solubility  was  in- 
I  duced  by  some  of  these  materials,  and  the  phenomenon  appeared  to  be  related  to  the 
presence  of  fluorine  in  these  materials.  Further  investigations  revealed  that  fluorine  was 
released  by  the  materials  and  that  the  fluorine  content  of  powderd  enamel  subsequently 
increased.^  There  appeared  to  be  definite  relationships  between  the  quantity  of  fluorine 
contained  in  the  material,  the  amount  of  fluorine  taken  up  by  powdered  enamel,  and 
the  decrease  in  solubility. 

Although  powdered  enamel  provides  a  satisfactory  screening  method,  the  changes 
|j  induced  are  generally  magnified  because  of  the  greater  surface  area  exposed  and  the 

I  lack  of  an  organic  matrix.  Thus  it  was  felt  that  the  use  of  intact  enamel  would  make 

,  possible  a  more  practical  and  realistic  means  of  assessing  the  influence  of  the  materials 
and  predicting  their  possible  clinical  behavior.  Hence  this  present  study  was  conducted 
to  investigate  the  effects  of  various  materials  on  the  fluorine  content  of  intact  enamel 
surfaces. 

MATERIALS  AND  METHODS 

In  general,  the  procedure  consisted  of  utilizing  one  half  of  a  tooth  as  the  control, 
while  the  restorative  material  was  applied  to  the  other  half.  Through  chemical  analysis 

I  of  enamel  taken  from  the  two  areas,  it  was  possible  to  determine  whether  contact  with 
the  material  had  produced  a  change  in  the  fluorine  content. 

Freshly  extracted  caries-free  cuspid  teeth  were  employed.  Prior  to  use,  they  were 
carefully  cleaned  and  buffed  with  levigated  alumina  to  remove  any  debris.  They  were 
immediately  placed  in  water  and  never  permitted  to  dehydrate. 

Since  Brudevold,  Gardner,  and  Smith®  established  that  the  fluoride  content  of 
i  teeth  is  greater  at  the  outer  surface  and  decreases  as  the  dentino-enamel  junction  is 

I  approached,  it  was  mandatory  that  the  thickness  of  enamel  taken  for  analysis  be  con- 

I  trolled.  Thus  a  guard  was  designed  which,  when  fitted  to  a  straight  dental  handpiece 

?  and  used  with  a  specific  diamond  cutting  instrument,  permitted  a  uniform  depth  of 
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enamel  (0.4  mm.)  to  be  removed.  Repeated  cuts  with  the  instrument  proved  the 
operator’s  ability  to  control  this  factor.  The  grindings  were  collected  by  means  of  a 
stream  of  glass-distilled  water  which  was  directed  onto  the  wheel  and  tooth  during  the 
cutting  operation. 

Initially,  a  layer  of  enamel  from  one  half  of  the  labial  and  the  adjacent  proximal 
surface  was  removed  and  collected.  After  drying  and  weighing,  the  fluorine  content 
was  determined,  and  those  data  served  as  the  control  for  the  particular  tooth.  The  test 
material  was  then  applied  to  the  remaining  labial  and  proximal  portions  of  the  tooth. 
The  tooth,  with  the  restorative  material  in  place,  was  stored  in  distilled  water  for  2 
weeks.  The  storage  temperature  was  37°  C.,  and  the  water  was  changed  daily.  At  the 
end  of  this  time  the  dental  material  was  removed  and  the  underlying  layer  of  enamel 
separated  for  analysis. 


TABLE  1 


Material 

Company 

Material 

Company 

S.  S.  White  filling  porce¬ 
lain  . 

S.  S.  White  Dental 

Silico-phosphate  cement 
(Kryptex) . 

S.  S.  White  Dental 

Manufacturing  Co. 

W.  V.  B.  Ames  Co. 

Zinc  oxide . 

Manufacturing  Co. 
Merck  &  Co.,  Inc. 

Kerr  Manufacturing 

Co. 

L.  D.  Caulk’Co. 

L.  D.  Caulk  Co. 

L.  D.  Caulk  Co. 

FluorOn . 

American  Consolidated 

Eugenol . 

Experimental  resin-t- 
5%  NaF* . 

Dental  Manufactur¬ 
ing  Co.,  Inc. 

L.  D.  Caulk  Co. 

Experimental  zinc  oxide 
and  eugenol -f- 2% 
NaF* . 

Experimental  resin-|- 

2%  NaF* . 

Zinc  phosphate  cement . 

L.  D.  Caulk  Co. 

S.  S.  White  Dental 

Kadon . 

Calcium  hydroxide 
paste . 

Experimental  zinc  phos¬ 
phate  cement-t-10% 
CaFj* . 

Manufacturing  Co. 

L.  D.  Caulk  Co. 

Copalite . 

Sodium  fluoride . 

Harry  J.  Bosworth  Co. 
IJ.  T.  Baker  Chemical 
Co. 

•  ' 

*  Per  cent  fluoride  added  to  powder. 


The  analytical  procedure  was  one  involving  the  microdistillation  of  the  samples,  as 
described  by  Singer,  Armstrong,  Venkateswarlu,  Sheck,  and  Cummins.^  Fluorine  was 
measured  by  a  modification  of  Megregian’s  spectrophotometric  procedure.® 

Control  tests  were  first  run  to  ascertain  the  normal  variation  in  the  fluorine  content 
between  the  two  halves  of  the  tooth.  The  enamel  from  the  right  and  left  halves  of  25 
untreated  teeth  was  compared.  The  difference  was  determined  for  each  tooth,  and  the 
average  per  cent  difference  was  recorded.  It  was  found  that,  although  there  was  great 
variation  from  one  tooth  to  another,  the  average  difference  in  the  fluorine  content  of 
enamel  taken  from  the  same  tooth  was  less  than  9  per  cent. 

The  materials  used  in  the  investigation  are  shown  in  Table  1 .  They  were  manipulated 
in  accordance  with  accepted  procedures.  Before  application  of  the  material  the  tooth 
surface  was  always  dried  by  means  of  compressed  air. 

A  variable  included  was  the  effect  of  a  cavity  varnish  placed  on  the  tooth  surface 
prior  to  application  of  the  test  material.  Certain  representative  materials  and  a  24-hour 
treatment  of  a  2  per  cent  sodium  fluoride  solution  were  used  in  conjunction  with  the 
cavity  varnish. 

The  inherent  variation  encountered  in  individual  teeth,  as  revealed  by  the  data  se- 
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cured  on  the  controls  (Table  2),  emphasized  that  a  large  number  of  specimens  should 
be  employed.  Therefore,  a  minimum  of  10  teeth,  and  in  most  instances  20  or  more,  were 
used  with  each  material.  The  data  thus  represent  results  obtained  from  over  550  teeth 
and  2,800  spectrophotometric  determinations. 

RESULTS 

The  mean  results  are  seen  in  Table  3,  and  the  individual  data  of  representative  mate¬ 
rials  are  shown  in  Tables  4  and  5.  Ames’s  Berylite  cement  was  the  only  material  that 
produced  a  definite  reduction  in  the  fluorine  content  of  enamel.  The  results  of  the 
effects  of  Copalite  (the  cavity  varnish),  Kadon,  zinc  phosphate  cement,  calcium  hy¬ 
droxide,  and  the  non-fluoride  zinc  oxide  and  eugenol  mixtures  were  within  the  range  of 
individual  tooth  variation  as  determined  by  the  controls.  The  experimental  zinc  phos¬ 
phate  cement  containing  10  per  cent  calcium  fluoride  induced  a  33  per  cent  fluorine 
increase.  Likewise,  when  sodium  fluoride  was  added  to  zinc  oxide  and  eugenol,  there 
was  a  46  per  cent  increase  in  the  fluorine  content  of  the  enamel.  Tooth  surfaces  in  con¬ 
tact  with  FluorOn  (a  resin  containing  sodium  and  stannous  fluoride)  and  the  teeth  im¬ 
mersed  in  2  per  cent  sodium  fluoride  for  24  hours  exhibited  the  largest  increases  in 

T.\BLE  2 


Variation  of  Fluoride  within  Individual 
Teeth  (Controls) 


Tooth  No. 

^9 

Difference 

(p.p.m.) 

Per  Cent 
Difference 

1 . 

92 

107 

-1-  15 

4-16 

2 . 

94 

63 

-  31 

-33 

3 . 

150 

104 

-  46 

-31 

4 . 

73 

82 

+  9 

4-12 

5 . 

628 

629 

1  +  1 

0 

6 . 

72 

99 

-1-  27 

4-38 

7 . 

594 

634 

4-  7 

7 . 

78 

70 

-  8 

■  -10 

9 . 

92 

122 

4-33 

10 . 

431 

317 

-114 

-26 

11 . 

68 

104 

-1-  36 

4-53 

12 . 

84 

116 

-f-  32 

4-38 

13 . 

35 

30 

-  5 

-14 

14 . 

132 

87 

-  45 

-34 

15 . 

116 

132 

-1-  16 

4-14 

16 . 

56 

83 

-t-  27 

4-48 

17 . 

65 

68 

-1-  3 

4-  5 

18 . 

119 

-1-  31 

4-26 

19 . 

41 

44 

+  3 

4-  7 

20 . 

85 

+  19 

4-22 

21 . 

127 

121 

-  6 

-  5 

22 . 

61 

74 

+  13 

4-21 

23 . 

196 

188 

-  8 

-  4 

24 . 

138 

165 

4-  27 

4-20 

25 . 

71 

85 

4-  14 

-1-20 
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fluoride  uptake.  A  239  per  cent  increase  in  fluorine  content  occurred  in  enamel  which 
had  been  exposed  to  silicate  cement,  while  use  of  the  sodium  fluoride  resins  and  Kryp- 
tex  resulted  in  increases  of  approximately  100  per  cent.  (Fluoride  fluxes  are  used  in  the 
manufacturing  of  silicate  and  silico-phosphate  cements.)* 

The  effect  of  these  materials  on  enamel  which  had  first  been  coated  with  the  cavity 
varnish  can  be  seen  in  Table  6.  The  individual  results  of  a  representative  material  are 
shown  in  Table  7.  Its  use  did  not  markedly  affect  the  results  with  the  following  mate¬ 
rials:  zinc  phosphate  cement,  calcium  hydroxide  paste,  zinc  oxide  and  eugenol  -}-  2  per 
cent  NaF,  and  the  fluoride-containing  resins.  However,  the  uptake  of  fluorine  from  the 
remaining  materials  was  greatly  reduced  when  Copalite  was  used.  The  per  cent  fluoride 
uptake  by  enamel  from  the  silicate  cement  and  2  per  cent  sodium  fluoride  solution  was 

TABLE  3 


Material 

Per  Cent 
Change  in 
Fluoride 

Material 

Per  Cent 
Change  in 
Fluoride 

-22 

Zinc  oxide  and  eugenol -|- 2%  NaF . 

-f  46 

-  7 

Resin-|-5%  NaF . 

+  93 

-  6 

Kr\T)tex . 

-i-  99 

-1-  2 

Resin -1-2%  NaF . 

-1-103 

Silicate . 

+239 

MW 

FluorOn . 

+304 

Zinc  phosphate-|-10%  CaFj . 

2%  NaF  solution — 24  hours . 

+365 

TABLE  4 

Variation  of  Fluoride  within  Individual  Teeth 
(Zinc  Oxide -f- 2%  NaF  and  Eugenol) 


Tooth  No. 

Control 

Side 

(p.p.m.) 

Experimental 

Side 

(p.p.m.) 

Difference 

(p.p.m.) 

Per  Cent 
Difference 

1 . 

131 

174 

43 

33 

2 . 

121 

328 

207 

171 

3 . 

180 

83 

-  97 

-  54 

4 . 

205 

199 

-  6 

-  3 

5 . 

195 

274 

79 

41 

6 . 

215 

397 

182 

85 

7 . 

240 

243 

3 

1 

8 . 

511 

457 

-  54 

-  11 

9 . 

180 

280 

100 

56 

10 . 

131 

312 

181 

138 

11 . 

257 

268 

11 

4 

12 . 

90 

196 

106 

118 

13 . 

200 

356 

156 

78 

14 . 

260 

385 

125 

48 

15 . 

357 

403 

46 

13 

Av . 

218 

290 

67 

48 

101 

98 

58 

t 


.3 


TABLE  5 

Variation  of  Fluoride  within  Individual  Teeth 
(Silicate) 


Tooth  No. 

Control 

Side 

(p.p.m.) 

Experimental 

Side 

(p.p.m.) 

Difference 

(p.p.m.) 

Per  Cent 
Difference 

1 . 

215 

314 

99 

46 

2 . 

99 

382 

283 

286 

3 . 

150 

264 

114 

76 

4 . 

221 

653 

432 

195 

5 . 

112 

513 

401 

358 

6 . 

98 

207 

109 

111 

7 . 

92 

299 

207 

225 

8 . 

183 

547 

364 

199 

9 . 

131 

350 

219 

167 

10 . 

57 

282 

225 

395 

11 . 

61 

345 

284 

466 

12 . 

52 

254 

202 

388 

13 . 

113 

259 

146 

129 

14 . 

85 

242 

157 

185 

15 . 

180 

453 

273 

152 

16 . 

86 

346 

260 

302 

17 . 

150 

223 

73 

49 

18 . 

179 

660 

481 

269 

19 . 

113 

879 

766 

678 

20 . 

91 

294 

203 

223 

21 . 

70 

281 

211 

301 

22 . 

93 

474 

281 

302 

23 . 

89 

4% 

407 

457 

24 . 

128 

275 

147 

115 

25 . 

162 

356 

194 

120 

26 . 

158 

287 

129 

82 

27 . 

81 

228 

147 

181 

Av . 

120 

384 

252 

239 

St.  Dev . 

46 

158 

149 

t . 

8.4 

1 


TABLE  6 


Matekial  ! 

i  ' 

Per  Cent  Chance 

IN  Fluoride 

Material 

Per  Cent  Chance 

IN  Fluoride 

Without 

Copalite 

With 

Copalite 

Without 

Copalite 

With 

Copalite 

Berylite . 

-22 

H 

+  99 
+  103 
+239 

+  13 
+  101 
+104 

Zinc  phosphate  cement . 

Calcium  hydroxide  paste. . . . 

+  2 
+  11 

Resin +2%  NaF . 

Silicate . 

Zinc  phosphate+l()%  CaF2. 

+33 

FluorOn . 

+304 

+382 

Zinc  oxide  and  eugenol+2% 
NaF . 

+46 

m 

2%  NaF  solution — 24  hours. 

+365 

+  141 
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reduced  approximately  60  per  cent  when  the  cavity  varnish  was  employed.  On  the  other 
hand,  with  Ames’s  Berylite  the  loss  of  fluoride  from  enamel  was  prevented  by  the  use 
of  the  cavity  liner. 

DISCUSSION 

With  few  exceptions,  the  data  obtained  with  intact  enamel  surfaces  compare  with 
those  found  with  powdered  enamel.^  However,  as  might  be  expected,  the  magnitude  of 
fluoride  change  was  not  so  great  with  the  intact  surface.  The  comparative  data  are  sum¬ 
marized  in  Table  8.  FluorOn  and  silicate  cement  produced  the  greatest  change  in  the 

TABLE  7 


Variation  of  Fluoride  within  Individual  Teeth 
(Resin-F2%  NaF-|-Copalite) 


Tooth  No. 

Control 

Side 

(p.p.m.) 

Experimental 

Side 

(p.p.m.) 

Difference 

(p.p.m.) 

Per  Cent 
Difference 

1 . 

196 

615 

419 

214 

2 . 

135 

280 

145 

3 . 

187 

257 

70 

37 

4 . 

127 

312 

185 

146 

5 . 

139 

383 

244 

175 

6 . 

140 

186 

46 

33 

7 . 

63 

120 

57 

90 

8 . 

63 

135 

72 

114 

9 . 

79 

179 

100 

127 

10 . 

155 

230 

75 

48 

11 . 

51 

105 

54 

108 

12 . 

52 

84 

32 

62 

13 . 

175 

451 

276 

158 

14 . 

169 

234 

65 

38 

15 . 

112 

158 

46 

41 

16 . 

72 

157 

85 

118 

Av . 

121 

242 

123 

101 

49 

126 

53 

t . 

13.0 

TABLE  8 


Material 

Per  Cent  Change 

IN  Fluoride 

Material 

Per  Cent  Change 

IN  Fluoride 

Intact 

Enamel 

Powdered 

Enamel 

Intact 

Enamel 

Powdered 

Enamel 

Berylite . 

Zinc  phosphate  cement . 

Zinc  phosphate -1-10%  CaF2. 

Resin-|-5%  NaF . 

Kryptex . 

-22 
+  2 
-1-33 
-1-93 
+99 

-  26 

-  35 

-  19 
+  66 
+  128 

Resin+2%  NaF . 

Silicate . 

FluorOn . 

2%  NaF  solution . 

+103 

+239 

+304 

+365* 

+  51 
+593 
+506 
+128t 

*  24  hours. 

1 16  minutes. 
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fluorine  content  of  both  powdered  and  intact  enamel,  and  generally  a  comparable  rela¬ 
tionship  was  noted  with  the  other  materials.  These  changes  in  the  fluorine  content  of 
intact  enamel  correlate  well  with  data  previously  obtained  on  calcium  solubility^- 
(Table  9).  It  is  interesting  to  note  that  Berylite — a  material  which  habitually  increased 
enamel  solubility — reduced  the  fluorine  content  of  the  tooth.  Neitaer  the  fluoride 
change  nor  the  solubility  of  enamel  was  greatly  influenced  by  the  zinc  phosphate 
cement.  Although  there  was  an  increase  in  the  fluorine  content  of  the  teeth  treated  with 
the  zinc  phosphate  cement  containing  10  per  cent  calcium  fluoride,  there  was  no  effect 


TABLE  9 


Material 

Per  Cent 
Change  in 
Fluoride 

Per  Cent 
Change  in 
Calcium 
Solubility 

Material 

Per  Cent 
Change  in 
Fluoride 

Per  Cent 
Change  in 
Calcium 
Solubility 

-22 

Resin+5%  NaF . 

+  93 
+  99 
+  103 
+239 
+304 
+365 

-17 

-  7 

+  5 
+  19 
+  7 
+  13 

Kry-ptex . 

-14 

-  6 

Resin+2%  NaF . 

-29 

+  2 
+  10 

Silicate . 

-28 

FluorOn . 

-53 

Zinc  phosphate-|-rO%  CaFo. 

+33 

+  2 

2%  NaF  solution — 24  hours. 

-60 

Zinc  oxide  and  eugenol +2% 
NaF . 

+46 

-16 

TABLE  10 


Mateiial 

Per  Cent  Chance 

IN  F'lvoride 

Per  Cent  Change  in 
CAtaUH  SOLUBIUTY 

Without 

Copalite 

With 

Copalite 

Without 

Copalite 

With 

Copalite 

Berylite . 

-  22 

+  5 

+20 

+  6 

Resin+2%  NaF . 

+  103 

+  101 

-29 

-39 

Silicate . 

+239 

+  104 

-28 

-19 

FluorOn . 

+304 

+382 

-53 

-45 

2%  NaF  solution — 24  hours. . . . 

+365 

+  141 

-60 

-  7 

on  solubility.  Likewise,  Kadon  and  zinc  oxide  and  eugenol  mixtures  produced  some 
increase  in  the  calcium  solubility  of  enamel  but  no  appreciable  fluoride  change.  All  the 
other  materials  resulted  in  both  an  uptake  of  fluorine  and  a  reduction  in  acid  solubility. 
Furthermore,  it  should  be  noted  that  those  materials  which  produced  the  greatest  in¬ 
crease  in  fluorine  also  induced  the  greatest  reduction  in  enamel  solubility. 

Previously  it  has  been  shown  that  the  effect  of  the  cavity  varnish  varied  with  the 
particular  restorative  material  employed.®  Copalite  did  not  alter  the  influence  of  the 
resins,  whereas  the  other  types  of  materials  were  generally  less  effective  when  the  liner 
was  employed.  This  may  have  been  due  to  the  fact  that  the  liner  was  soluble  in  the  resin 
monomer.  A  comparison  of  these  data  with  the  solubility  data  (Table  10)  again  points 
out  the  close  relationship  between  fluorine  uptake  and  the  reduction  in  solubility.  This 
relationship  is  better  illustrated  in  Figure  1.  The  increase  in  fluoride  content  of  the 
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tooth  has  bee*i  plotted  against  the  change  in  solubility  as  induced  by  each  material. 
When  the  fluorine  content  was  increased,  there  was  a  reduction  in  the  acid  solubility  of 
the  intact  enamel  surfaces. 


SUMMARY 


The  fluorine  uptake  by  intact  enamel  surfaces  from  certain  dental  materials  has  been 
studied.  These  data  were  correlated  with  those  found  in  a  previous  investigation,using 
powdered  enamel,  as  well  as  with  studies  on  enamel  solubility  as  it  is  affected  by  various 
materials.  The  results  were  as  follows:  Most  of  the  materials  tested  produced  a  measur¬ 
able  change  in  the  fluorine  content  of  intact  enamel.  Generally,  the  data  from  powdered 
enamel  and  intact  enamel  were  in  agreement.  Copalite  had  no  effect  on  the  fluorine  up¬ 
take  from  resins  or  from  a  zinc  oxide  containing  2  per  cent  sodium  fluoride,  but  the 


INTACT  ENAMEL 


Fig.  1. — Change  in  calcium  solubility  plotted  against  change  in  fluoride  content  of  intact  enamel 
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varnish  did  reduce  the  effectiveness  of  the  other  fluoride-containing  materials.  A  defi¬ 
nite  relationship  was  found  between  fluoride  change  and  acid  solubility  of  intact 

enamel. 
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Eruption  of  Irradiation-produced  Rootless 
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The  mechanism  of  tooth  eruption  has  been  the  subject  of  several  investigations,  and 
a  number  of  theories  attempting  to  explain  this  phenomenon  have  been  proposed. 
Massler  and  Schour^  summarized  the  theories  of  tooth  eruption  up  to  the  time  of 
their  report  and,  on  the  basis  of  their  review  and  their  own  investigations,  concluded 
that  the  eruption  of  teeth  is  apparently  related  to  the  degree  of  vascularity  of  the 
periapical  tissues.  In  a  recent  publication,  Bryer^  supported  this  view.  However, 
Miller^  and  Taylor  and  Butcher^  did  not  find  the  eruption  rate  to  be  altered  by  fairly 
considerable  alteration  of  blood  flow  to  the  periapical  tissues.  O’Brien,  Bhasker,  and 
Brodie®  reported  on  serial  histologic  sections  through  the  first  molar  region  of  ia  and 
heterozygous  rats  and  were  of  the  opinion  that  eruption  was  probably  the  result  of 
growth  of  the  tooth  follicle.  Engle®  has  shown  that  the  connective  tissue  ground  sub¬ 
stance  overlying  erupting  teeth  is  altered  in  its  histochemical  staining  reaction  and 
thought  to  be  depolymerized.  Baume,  Becks,  and  Evans^'  *  in  a  series  of  experiments 
demonstrated  the  selective  action  of  growth  hormone  and  thyroxin  on  tooth  eruption 
and  were  of  the  opinion  that  it  was  a  process  of  growth  and  differentiation  of  matura¬ 
tion.  Notwithstanding  these  investigations,  the  phenomenon  of  tooth  eruption  is  still  in¬ 
completely  understood. 

This  report  is  based  upon  a  serendipitous  finding  in  an  experiment*®  designed  to 
study  the  pathogenesis  of  radio-osteonecrosis.  In  that  experiment  it  was  observed  that 
crowns  without  any  root  formation  erupted  into  the  oral  cavity. 

MATERIALS  AND  METHODS 

Eighteen  Macacus  rhesus  monkeys  were  subjected  to  fractionated  external  irradia¬ 
tion  to  the  mandible  and  maxilla.  The  animals  reported  in  this  paper  were  irradiated 
with  dose  levels  of  4,500,  5,500,  and  7,500  r  and  lived  up  to  3^  years  post-irradiation. 
They  were  irradiated  5  days  a  week  to  alternating  sides  of  the  face.  The  length  of 
irradiation  treatment  varied  from  5^  to  12^  weeks,  depending  on  the  dose  administered. 
The  physical  factors  of  irradiation  were:  250  KVP,  15  ma,  target-skin-distance,  50  cm., 
half-value  layer,  1.5  mm.  Cu,  dose  rate  of  44r/min.  The  animals  were  killed  with  an 
overdose  of  nembutal.  Tissues  were  fixed  in  10  per  cent  neutral  formalin  and  decalci¬ 
fied  in  formic  acid-sodium  formate  solution.  Tissues  were  imbedded  in  celloidin,  cut 
at  8-10  fi,  and  stained  with  hematoxylin-eosin-azure  II. 


This  investigation  was  supported  in  part  by  U.S.P.H.S.  research  grant  C-1442  from  the  National 
Cancer  Institute,  National  Institutes  of  Health. 
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RESULTS 


Fig.  1. — Pre-irradiation  roentgenograph.  Note  forming  molars  and  bicuspids 


Fig.  2. — Same  animal  as  in  Fig.  1.  One  year  post-irradiation,  SSOOr.  Note  complete  cessation  of 
tooth  development. 
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The  animals  varied  in  age  from  14  to  28  months  and  therefore  had  a  complete 
deciduous  dentition.  Pre-irradiation  roentgenographs  revealed  the  permanent  teeth 
to  be  in  various  stages  of  development,  with  the  third  molar  tooth  not  yet  evident 
(Fig.  1).  Eruption  of  the  teeth  was  observed  by  means  of  lateral  jaw  roentgenographs 
taken  at  regular  intervals. 


At  all  dose  levels,  the  irradiation  completely  inhibited  further  crown  and  root  de¬ 
velopment  and  also  destroyed  the  anlage  of  the  third  molar  tooth  (Fig.  2);  therefore, 
the  size  and  shape  of  the  permanent  teeth  were  dependent  on  their  state  of  develop¬ 
ment  at  the  time  of  irradiation.  Calcification  of  the  crown  matrix  was  not  inhibited, 
as  can  be  seen  in  Figures  1  and  2,  in  which  only  cusp  tips  were  calcified  at  the  begin¬ 
ning  of  irradiation,  and  they  continued  to  calcify  during  and  after  irradiation.  Some 
crowns  were  only  partially  formed.  The  maxillary  permanent  teeth  always  had  some 
root  formation,  usually  short  and  thin  (Fig.  3),  while  the  mandibuar  teeth  were 
completely  rootless.  This  is  in  striking  contrast  to  the  dentition  of  a  normal,  non- 
irradiated  monkey  (Fig.  4). 
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The  pulp  chamber  of  all  teeth  was  diminished  in  size,  and  the  apex  closed  in  an 
almost  linear  manner  at  the  level  of  maximal  tooth  development  at  the  time  of  irra¬ 
diation.  The  pulp  chamber  of  the  irradiated  teeth  appeared  to  close  at  a  more  rapid 
rate  than  in  the  normal  teeth  and  was  completely  closed  before  they  erupted  a  short 
distance.  Layers  of  dense  bone  were  usually  formed  under  erupting  crowns  (Fig.  5). 
Most  of  the  crowns  erupted,  but  a  few  of  them  did  not  (Fig.  6).  In  these  cases,  the 
crown  matrix  calcified,  and  the  pulp  chamber  slowly  filled  in,  as  in  the  crowns  that 
erupted.  The  few  crowns  that  did  not  erupt  occurred  in  two  of  the  animals  that  received 
7,500  and  8,500  r  and  lived  3^  and  If  years  post-irradiation.  This  ankylosis  was  not 
observed  in  lower  irradiation  dose  levels,  even  though  the  animals  lived  for  the  same 
lengths  of  time. 


Fig.  3. — Same  animal  as  in  Figs.  1  and  2,  3i  years  post-irradiation,  SSOOr.  Teeth  have  been  in 
occlusion  for  18  months.  Note  rootless  molar  and  bicuspids  {arrow). 


Fig.  4. — ^Normal,  non-irradiated  monkey.  Compare  Mdth  Fig.  3 
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The  roots  of  the  deciduous  molars  resorbed  in  the  normal  manner.  The  aberrant 
size  of  the  permanent  bicuspids  did  not  alter  this  process.  The  eruption  rate  of  the 
partially  formed  permanent  teeth  appeared  to  be  somewhat  retarded,  but  the  degree 
of  retardation  was  not  precisely  determined.  The  partially  formed  teeth  eventually 
erupted  into  full  occlusion  (Fig.  7),  and  a  few  partially  formed  crowns  were  attached 
only  to  the  gingiva  and  were  in  functional  occlusion  for  18  months  without  any  evi¬ 
dence  of  looseness  (Fig.  3). 

The  irradiation  produced  profound  histologic  changes  in  the  dental  structures.  The 
enamel  was  removed  by  the  decalcification  procedure  and  therefore  could  not  be 
examined.  There  was  an  abrupt  transformation  of  odontoblasts  and  dentin  from  the 
normal  pre-irradiation  appearance  to  the  abnormal,  irradiation-produced  appearance 
(Fig.  8).  The  normal  tall,  columnar  odontoblasts  and  closely  packed  dentinal  tubules 
changed  rather  abruptly  to  low  cuboidal  odontoblasts  and  widely  spaced  dentinal 
tubules.  This  appearance  was  maintained  for  about  30-50  cells.  It  then  changed 
abruptly  to  polygonal-shaped  cells  and  osteodentin.  Enamel  formation  always  ended 
at  the  junction  of  the  normal  dentin  and  osteodentin,  regardless  of  the  crown  size 


Fig.  S. — Two  and  three-quarter  years  post -irradiation.  6S00r.  Rootless  molar  erupted  and  in  occlu 
sion.  Note  dense  bone  formation  under  the  crown. 


Fig.  6. — Three  and  one-quarter  years  post-irradiation,  7500r.  Unerupted  rootless  molar.  The  distal 
root  of  the  first  bicuspid  did  not  form,  while  the  mesial  root  was  out  of  the  field  of  irradiation  and 
did  form.  Note  radio-osteonecrotic  lesion  in  ascending  ramus  {arrow). 
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attained  at  that  time.  The  epithelial  root  sheath  was  not  found  in  all  sections,  but, 
when  present,  it  terminated  on  the  osteodentin  near  its  junction  with  the  normal  dentin. 
The  outer  surface  of  the  osteodentin  is  covered  by  cementum  which  is  often  very 
cellular.  The  follicular  sac  is  attached  to  the  cementum. 

As  osteodentin  formation  continues,  the  trabecular  character  of  its  early  stages 
changes  to  that  of  a  solid  mass  of  calcified  tissue  with  only  a  few  interspersed  cellular 
areas.  Concomitantly,  the  soft  tissue  undergoes  a  change  from  that  of  pulp  tissue  to 
that  resembling  fibrotic  marrow  tissue  (Fig.  9).  In  a  few  molar  teeth  that  did  not 


Fig.  7. — Two  and  three-quarter  years  post-irradiation,  4500r.  Molar  teeth  in  occlusion,  no  root 
formation  on  second  molar  (arrow). 
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erupt,  this  metaplasia  progressed  to  the  point  where  bone  trabeculae  were  in  continuity 
with  the  osteodentin  and  alveolar  bone  via  the  pulp  chamber  (Fig.  10).  In  these  teeth 
the  soft  tissue  of  the  pulp  chamber  had  the  character  of  fibrous  bone  marrow  tissue, 
and  the  transformed  odontoblasts  resembled  osteoblasts. 

Without  root  formation,  the  follicular  sac  did  not  differentiate  into  the  periodontal 
ligament  but,  instead,  maintained  its  attachment  to  the  cemental  surface  of  the  crown 
regardless  of  the  shape  or  size  of  the  crown.  The  connective  tissue  fibers  of  the  sac 
were  relatively  loose,  cellular,  and  arranged  parallel  with  the  crown.  The  more  lateral 
fibers  of  the  sac  were  attached  to  the  surrounding  alveolar  bone.  No  changes  were 


Fig.  9. — Two  years  post-irradiation,  SSOOr.  Magnification  X25S.  Pulp  tissue  is  fibrotic;  odontoblasts 
are  absent.  Osteodentin  in  continuation  with  normal  dentin  is  evident  {arrow). 

noted  in  this  arrangement  as  the  tooth  continued  to  erupt  until  the  gingival  tissue 
was  reached.  At  this  stage  of  eruption  the  more  superior  fibers  of  the  follicular  sac 
appeared  to  be  continuous  with  the  gingival  fibers  and  were  arranged  more  perpendic¬ 
ular  to  the  crown.  Figure  11,  which  is  the  second  bicuspid  tooth  of  roentgenograph 
Figure  6,  shows  that  the  fibers  of  the  follicular  sac  are  attached  to  the  alveolar  crest 
and  gingiva.  There  is  one  area  of  an  aborted  root  formed  by  osteodentin,  and  attached 
to  it  is  a  differentiated  periodontal  ligament.  This  bicuspid  has  been  in  functional 
occlusion  for  about  14  months  without  any  evidence  of  looseness.  Figure  12,  which  is 
the  mandibular  molar  tooth  shown  in  roentgenograph  Figure  3,  is  a  tooth  that  was  in 
functional  occlusion  for  18  months  without  any  evidence  of  looseness.  It  is  held  in 
place  by  dense  connective  tissue  fibers  that  are  confluent  with  the  gingival  fibers.  The 
superior  fibers  are  attached  to  the  gingiva,  and  the  inferior  fibers  are  attached  to  the 
bone.  Figure  13  shows  the  dense  collagenous  nature  of  the  fibers  and  their  attachment 
to  the  cementum. 
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The  irradiation  produced  a  marked  thickening  of  most  of  the  arterioles  and  some 
of  the  arteries  in  both  jaws,  predominantly  in  the  mandible,  while  the  capillaries  and 
veins  appeared  normal.  The  tissue  at  the  base  of  the  crown  contained  capillaries,  and 
a  few  arterioles  were  found  in  the  area,  but  the  vascularity  of  the  tissue  was  not  a 
prominent  feature. 


Fig.  10. — Three  and  one-quarter  years  post-irradiation,  7S00r.  Magnification  X  155.  Ankylosis  of 
a  molar  tooth.  Osteodentin  fills  the  pulp  chamber  and  is  continuous  with  the  alveolar  bone  at  the  base 
of  the  tooth.  Note  apical  foramen  with  osteodentin  formation  {arrow). 

In  all  teeth  examined,  there  was  a  layer  of  osteodentin  of  variable  thickness  between 
the  normal  dentin  and  cementum. 

DISCUSSION 

These  observations  have  important  implications  for  the  phenomenon  of  tooth  erup¬ 
tion.  From  these  findings  it  is  apparent,  both  roentgenographically  and  microscopically, 
that  pulpal  proliferation  or  root  formation  was  not  a  factor  in  the  eruption  of  these 
teeth.  Quite  the  contrary,  the  pulp  chambers  were  closed  before  there  was  any  appre¬ 
ciable  migration  of  the  teeth.  Because  of  the  lack  of  root  formation,  the  periodontal 
ligament  was  eliminated  from  consideration  as  a  factor  in  tooth  eruption.  The  degree 
of  vascularization  of  the  periapical  tissues  and  its  relationship  to  tooth  eruption  have 
recently  received  considerable  attention  as  a  prime  factor  in  tooth  eruption.^  In  the 
present  experiments,  the  degree  of  vascularization  of  the  periapical  tissues  of  the 
erupting  tooth  was  found  to  be  within  normal  range.  In  addition,  the  main  artery  and 
most  of  the  arterioles  had  a  relatively  marked  degree  of  irradiation-produced  arterio- 
and  arteriolar-sclerosis. 


Fig.  11.— Three  and  one-quarter  years  post-irradiation,  7S00r.  Magnification  X30.  Fibers  of  the 
follicular  sac  are  attached  to  the  alveolar  crest  and  gingiva.  The  aborted  root  has  one  site  of  dif¬ 
ferentiated  periodontal  ligament  (arrow) . 


Fig.  12. — Three  and  three-quarter  years  post-irradiation,  SSOOr.  Magnification  X  30.  Fibers  of  the 
follicular  sac  are  attached  to  the  alveolar  crest  and  gingiva.  No  root  formation  or  differentiated 
periodontal  ligament. 


546  GOWGIEL 


J.  D.  Res.  May-June  1961 


When  the  crown  is  unerupted,  the  fibers  of  the  follicular  sac  are  relatively  loose, 
cellular,  arranged  parallel  with  the  crown,  and  attached  to  the  cementum.  With  the 
crown  erupted  into  the  oral  cavity,  the  fibers  become  much  more  dense  and  are  oriented 
more  perpendicular  to  the  crown.  They  are  confluent  with  the  gingival  fibers  of  the 
corium  and  are  attached  to  the  bone  of  the  alveolar  crest.  These  changes  demonstrate 
the  growth  and  maturation  of  the  connective  tissue  of  the  follicular  sac.  This  growth 
and  maturation  are  associated  with  the  occlusal  migration  of  the  crown.  This  is  sug¬ 
gestive  evidence  that  the  eruption  of  teeth  depends  upon  the  growth  of  the  follicular 
sac.  These  findings  tend  to  support  the  conclusion  of  O’Brien,  Bhaskar,  and  Brodie.® 


Fig.  13. — ^Higher  magnification  of  Fig.  12,  showing  dense  collagenous  nature  of  follicular  sac  fibers 
that  are  confluent  with  gingival  fibers.  Fibers  attached  to  normal  cementum,  above  which  is 
osteodentin.  Magnification  X270. 


Although  bone  formation  at  the  fundus  of  the  socket  was  associated  with  tooth 
eruption,  it  could  not  be  determined  whether  it  had  an  active  or  passive  role  in  tooth 
eruption. 

The  role  of  the  follicular  sac  and  mandibular  bone  growth  in  tooth  eruption  requires 
further  investigation.  Experiments  aimed  at  elucidating  their  function  in  this  phenom¬ 
enon  are  now  being  carried  out. 

The  complete  inhibition  of  further  root  development  by  irradiation  is  a  rather  well- 
known  phenomenon.  The  eruption  of  teeth  with  short  roots  so  produced  has  been 
described  in  humans.^*-  However,  the  eruption  of  completely  rootless  teeth  has  not 
been  noted.  The  histologic  changes  of  abnormal  dentin  formation,  pulpal  fibrosis,  cel¬ 
lular  cementum  formation,  and  ankylosis  as  a  result  of  irradiation  have  also  been 
reported.^*  The  term  “osteodentin,”  while  histogenetically  inaccurate,  is  a  descriptive 
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term  that  has  been  accepted  for  the  abnormal  dentin  that  is  produced  by  the  irra¬ 
diation-damaged  odontoblasts.  The  complete  obliteration  of  the  pulp  chamber  by 
osteodentin  has  not  been  previously  reported. 

It  could  not  be  definitely  determined  whether  the  cessation  of  root  formation  is  the 
result  of  the  irradiation  effect  on  the  epithelial  root  sheath  or  on  the  odontoblasts. 
Hansen  and  English^^  irradiated  the  heads  of  rats  and  stated  that  the  locus  of  damage 
was  at  the  proliferating  apical  end  of  the  developing  tooth  and  involved  both  amelo- 
blasts  and  odontoblasts.  As  previously  stated  in  the  present  work,  the  epithelial  root 
sheath  was  not  present  in  all  sections,  but,  when  present,  it  terminated  on  the  osteo¬ 
dentin.  The  finding  of  osteodentin  formation  suggests  that  damage  to  the  odontoblast 
is  the  primary  site  for  inhibition  of  further  root  formation. 

SUMMARY 

By  means  of  X-irradiation,  root  formation  has  been  completely  inhibited  in  Macacus 
rhesus  monkeys.  These  teeth  erupted  into  the  oral  cavity  without  root  formation,  pulpal 
proliferation,  or  periodontal  ligaments.  They  were  held  firmly  in  place  by  connective 
tissue  fibers  of  the  follicular  sac  and  were  in  functional  occlusion.  The  eruption  of  these 
teeth  appears  to  be  dependent  upon  growth  of  the  folicular  sac  and/or  alveolar  bone. 
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Pre-emptive  Factors  of  Tooth  Rotation 
and  Axial  Inclination 
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School  of  Dental  Medicine,  Boston,  Massachusetts. 


Knowledge  concerning  rotation  of  permanent  teeth  is  based  primarily  on  posteruptive 
disturbances.  Habitual,  mechanical,  local,  or  environmental  factors  have  been  cited 
as  etiologic  agents.  The  deviated  path  of  eruption  of  the  permanent  incisors,  subsequent 
to  traumatic  injury  or  pathologic  change,  is  designated  as  a  pre-eruptive  disturbance.*’  ^ 
Thus  the  rotation  of  permanent  teeth  can  be  divided  into  two  categories  in  relation  to 
etiologic  factors:  (1)  rotation  of  permanent  teeth  caused  by  posteruptive  disturb¬ 
ances  and  (2)  those  caused  by  pre-eruptive  disturbances.  If  these  pre-eruptive  disturb¬ 
ances  are  significant  in  altering  the  eruptive  path  of  the  permanent  incisors,  it  is  pos¬ 
sible  that  similar  conditions  may  influence  the  eruption  of  the  permanent  posterior 
teeth.  There  are  several  adverse  factors  operative  in  the  pre-eruptive  phase  of  perma¬ 
nent  tooth  emergence,  for  example,  (1)  asymmetrical  root  resorption  of  deciduous 
molars,  (2)  pathologic  involvement  of  deciduous  roots,  and  (3)  the  early  loss  of  the 
first  permanent  molar  prior  to  the  eruption  of  the  adjacent  premolars.  Logically,  these 
conditions  can  be  differentiated  into  separate  entities  as  they  affect  tooth  eruption. 

According  to  Morgan’s  study it  was  evident  that  if  a  deciduous  tooth  was  retained 
beyond  normal  exfoliation  time,  the  succeeding  permanent  tooth  had  a  tendency  to 
rotate.  One  reason  for  this  prolonged  retention  was  given  as  the  incomplete  resorption 
of  deciduous  roots.  Another  was  the  lack  of  co-ordination  between  the  resorption  process 
of  deciduous  tooth  roots  and  the  eruption  process  of  the  permanent  successors.  Mor¬ 
gan’s  emphasis  was  focused  on  prolonged  retention  as  the  factor  responsible  for  rotation 
of  the  permanent  successor. 

Ash^  stated  that  overretention  of  a  mandibular  second  deciduous  molar  may  result 
in  a  generalized  malocclusion.  He  demonstrated  that  a  minor  irregularity  of  the  denti¬ 
tion  may  cause  a  generalized  dental  irregularity.  Malocclusions  that  occur  from  this 
type  of  minor  irregularity  are  common. 

The  axial  inclination  of  teeth  must  be  considered  when  occlusion  is  appraised.  The 
importance  of  this  has  been  expressed  by  many  workers  in  evaluating  dentofacial  bal¬ 
ance  and  harmony.*  *  These  studies  were  based  on  axial  inclination  of  anterior  teeth, 
which  undoubtedly  do  influence  the  profile  of  the  face.  However,  the  axial  inclination 
of  posterior  teeth  has  not  been  fully  investigated.  It  was  shown  by  Marshall-Day*  and 
Salzmann*'  *“  that  the  loss  of  a  permanent  molar  or  molars  created  abnormal  drifting 
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of  adjacent  teeth  and  consequently  a  malocclusion.  Strang^^  stated  that  “the  teeth 
mesial  to  the  space  either  stand  still,  .  .  .  may  even  be  tipped  distally  into  the  space 
and  an  abnormal  distal  axial  inclination  of  their  crowns  thus  will  be  established.”  Such 
factors  have  been  studied  on  the  basis  of  posteruptive  disturbances.  However,  the 
deviation  of  axial  inclination  resulting  from  pre-emptive  disturbances  has  not  been 
described,  as  far  as  the  authors  are  aware.  The  purpose  of  this  study  was  to  evaluate 
the  conditions  that  affect  rotation  and  axial  inclination  of  permanent  posterior  teeth 
in  the  pre-emptive  stage. 

MATERIALS  AND  METHODS 

Longitudinal  records  of  503  cases  consisting  of  clinical  examinations,  full-mouth 
periapical  radiographs,  and  study  models  were  utilized.  The  subjects  were  Caucasian 
children  living  in  the  New  England  area.  From  this  total,  180  cases  of  the  lower  first 
premolars  and  211  cases  of  the  lower  second  premolars  were  selected  for  study.  It  was 
determined  that  lower  premolars  would  provide  accurate  data,  since  the  periapical 
radiographs  display  minimum  distortion  in  these  areas. 


TABLE  1 

Total  Population  of  Lower  First  and  Second 
Premolars  by  Groups 


Group 

R4 

L4 

Total 

R5 

L5 

Total 

I . 

47 

■h 

94 

47 

43 

90 

II . 

20 

35 

22 

20 

42 

Ill . 

9 

■n 

17 

24 

20 

44 

IV . 

15 

19 

34 

15 

20 

35 

The  premolar  tooth  population  was  divided  into  four  groups  (Table  1).  Group  I, 
the  normal  sample,  consisted  of  94  first  premolars  and  90  second  premolars.  Group 
II,  cases  which  showed  asymmetrical  resorptions  of  deciduous  molar  roots,  consisted 
of  35  first  premolars  and  42  second  premolars.  Group  III,  cases  with  pathologic  involve¬ 
ment  in  the  apical  region  of  deciduous  molars,  consisted  of  17  first  premolars  and  44 
second  premolars.  Group  IV^  cases  with  loss  of  the  lower  first  permanent  molar  prior 
to  the  eruption  of  adjacent  premolars,  consisted  of  34  first  premolars  and  35  second 
premolars. 

The  chronologic  age  at  the  time  of  measurement  was  obtained  for  each  case.  The 
mean  ages  and  standard  deviations  for  each  group  are  shown  in  Table  2. 

The  data  concerning  sex  distribution  in  each  group  are  presented  in  Table  3.  Al¬ 
though  the  number  of  male  and  female  subjects  is  given,  the  differences  which  might 
have  existed  in  the  measurement  between  the  sexes  were  not  analyzed  because  of  the 
small  size  of  the  sample  represented  in  Groups  II,  III,  and  IV.  However,  it  is  worth¬ 
while  to  mention  that  male  and  female  cases  were  well  distributed  within  each  group. 

Rotation  was  expressed  by  the  relationship  of  the  buccolingual  cusps  of  the  lower 
premolars  to  the  lower  dental  arch  contour.  The  measurements  were  made  on  the  study 
models  with  the  aid  of  a  clear  plastic-arm  protractor.  They  were  read  by  placing  the 
90°  line  of  the  protractor  directly  on  the  centers  of  the  buccal  and  lingual  cusps  of 
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the  tooth  and  then  by  placing  the  line  of  the  arm  along  or  parallel  to  the  buccal  aspect 
of  the  dental  arch  contour  (Fig.  1).  When  the  buccal  aspect  of  the  tooth  rotated  toward 
the  mesial,  the  measurement  was  read  as  a  mesial  rotation;  when  rotated  toward  the 
distal,  it  was  read  as  a  distal  rotation. 

In  order  to  determine  the  mesiodistal  or  anterioposterior  axial  inclination  of  the  lower 
first  and  second  premolars,  a  direct  measurement  on  the  periapical  radiograph  was 
made.  The  measurement  of  the  inclination  was  obtained  from  an  axial  line  shown  on 
a  radiograph,  which  runs  from  the  center  of  the  cusp  to  the  apex  and  an  occlusal  line 


TABLE  2 

Mea.\  Chro.vologic  ages  and  Standard  Deviations 
OF  Lower  Premolars 


First  Preuolars 

j  Second  Preuolars 

Group 

Mean  Age 
(Years) 

S.D. 

Mean  Age 
(Years) 

S.D. 

I . 

0.67 

mam 

II . 

0.76 

Ill . 

11.80 

0  91 

11.79 

IV . 

12.51 

12.54 

0.78 

TABLE  3 

Sex  Distribution  of  Lower  Premolars 


Group 

First  Preuolars 

Second  Preuolars 

Male 

Female 

Total 

Male 

Female 

Total 

I . 

50 

44 

94 

49 

41 

90 

II . 

20 

15 

35 

27 

15 

42 

Ill . 

9 

8 

17 

26 

18 

44 

IV . 

17 

17 

34 

18 

17 

35 

drawn  tangential  to  the  cusps  of  the  posterior  and  canine  teeth  (Fig.  2).  When  the 
coronal  portion  of  the  tooth  was  tipped  mesially,  it  was  read  as  an  angle  greater  than 
90®,  and,  when  tipped  distally,  it  was  read  as  an  angle  less  than  90°. 


results 

Significant  rotations  in  the  erupting  lower  premolars  were  observed  by  using  the 
method  previously  described  (Table  4).  In  Group  I,  less  than  3°  of  rotation  was 
found.  The  severity  of  rotation  increased  progressively  through  Groups  II,  III,  and 
IV,  and  rotation  of  the  second  premolar  was  greater  than  that  of  the  first  premolar. 
According  to  the  <-tests,  these  differences  were  found  to  be  significant  at  the  1  per  cent 
level  of  confidence. 

It  was  observed  in  Group  III  (Table  5)  that  some  cases  showed  pathologic  lesions 
for  more  than  one  year  and  others  for  a  shorter  period  of  time.  By  subgrouping  these 


Fig.  1. — Measurement  of  tooth  rotation  for  the  lower  left  second  premolar.  The  measurement  indi¬ 
cates  55°  of  mesial  rotation. 


Fig.  2. — Measurement  of  axial  inclination  of  the  lower  left  second  premolar.  The  measurement 
indicates  94.5°  of  axial  inclination  in  relation  to  the  occlusal  line. 


T.ABLE  4 


Degrees  of  Rotation  of  Lower  First  and  Second  Premolars 


Lowei 

R  FiSS' 

r  Preholars 

Lower  Seco.nd  Preholars 

Mean 

S. 

1 

D. 

t 

Mean 

S.D. 

1 

I  . 

II  . 

III  . 

IV  . 

2.03° 

6  26° 
11.71° 
12.66° 

3.38 

5.87 

7.12 

10.21 

5.615 

6.993 

7.819 

2.79° 

11  90° 
23.57° 
25.59° 

3.63 
8.13 

17.71 

16.63 

8.373 

10.584 

11  299 

552  KIM,  SHI  ERE,  AND  FOGELS 


J.  D.  Res.  May-June  1961 


i. 


two  separate  entities,  it  was  found  that  the  severity  of  rotation  in  the  former  (subgroup 
A)  differed  from  that  of  the  latter  (subgroup  B).  Analysis  showed  that  in  cases  of  the 
first  premolar  the  mean  rotation  of  subgroup  A  was  18.17°,  in  contrast  to  8.18°  of  mean 
rotation  shown  in  subgroup  B.  The  difference  of  mean  values  was  found  to  be  signifi¬ 
cant  at  the  1  per  cent  level.  In  cases  of  the  second  premolar,  the  mean  rotations  of  sub¬ 
groups  A  and  B  were  29.05°  and  18.57°,  respectively,  which  was  significant  at  the 
5  per  cent  level. 

The  approximate  age  at  which  a  pathologic  lesion  occurred  was  determined  for  each 
case  in  Group  III.  This  analysis  revealed  the  most  frequent  age  when  this  condition 


TABLE  5 

Rotation  of  First  and  Second  Premolars 
IN  Subgroups  of  Group  III 


SuBcaoup  A 

Subgroup  B 

No. 

Means 

S.D. 

No. 

Means 

S.D. 

t 

First  premolars . 

6 

4.72 

11 

8.18° 

5.59 

3.87 

Second  premolars . 

21 

■1 

2.37 

23 

18.57° 

10.17 

2.14 

TABLE  6* 

Frequency  of  rotation  of  First  and  Second  Premolars 
Differentiated  by  Direction  of  Rotation 
(Per  Cent) 


Group 

Lower  First  Premolars 

Lower  Second  Premolars 

M/R 

D/R 

N/R 

M/R 

D/R 

N/R 

I . 

41 

8 

51 

29 

24 

47 

II . 

63 

26 

11 

79 

21 

Ill . 

76 

12 

12 

80 

20 

IV . 

71 

29 

0 

60 

38 

2 

*  M/R  =  mesial  rotation;  D/R  •>  distal  rotation;  N/R  —  no  rotation. 


was  initiated.  The  average  age  was  7.99  years,  standard  deviation  0.94,  for  the  first 
premolars,  and  8.22  years,  standard  deviation  1.21,  for  the  second  premolars. 

Since  teeth  rotate  either  mesially  or  distally,  it  was  necessary  to  evaluate  the  fre¬ 
quency  of  the  direction  of  rotation.  This  was  divided  into  three  categories:  mesial, 
distal,  and  no  rotation  (Table  6).  According  to  the  data,  there  was  a  strong  indication 
that  the  lower  first  and  second  premolars  had  a  characteristic  tendency  to  rotate  in 
a  mesial  direction. 

In  order  to  correlate  tooth  rotation  with  eruption  age,  the  supragingival  eruption 
age  of  each  tooth  was  determined.  Mean  eruption  age  and  standard  deviations  were 
obtained  (Table  7).  There  was  no  significant  correlation  between  the  eruption  age  and 
the  rotation  of  erupting  premolars. 

These  data  were  then  compared  with  those  of  Hurme.^^  In  all  groups,  the  analysis 
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of  the  mean  eruption  ages  of  the  lower  first  and  second  premolars  corresponds  with 
Hurme’s  normal  range  of  variation. 

In  the  lower  first  premolar,  Group  III  demonstrated  the  earliest  eruption  time, 
while,  in  the  lower  second  premolar.  Group  II  preceded  the  others  in  eruption.  It  is  of 
interest  to  note  the  delayed  eruption  following  the  loss  of  the  first  permanent  molar 
(Group  IV). 


TABLE  7 

Comparison  between  Mean  Eruption  Ages 


G«oup 

Mean 

(Yeaes) 

S.D. 

Husme’s 

Mean* 

(Yeaks) 

Lower  First  Premolars 

I . 

10.27 

0.821 

II . 

10  28 

0.871 

10  50 

Ill . 

10.00 

0.98f 

IV . 

10.69 

0.66J 

Lower  Second  Premolars 

I . 

10.98 

0.851 

II . 

10.04 

0.881 

11.18 

Ill . 

10.80 

1.01 1 

IV . 

11.16 

0.92j 

*  The  mean  of  boys  and  girls. 


TABLE  8 

Degrees  of  Axial  Inclination  of  Lower 
First  and  Second  Premolars 


Gaoup 

Lowek  First  Preuolars 

Lower  Second  Preuolars 

Mean 

S.D. 

t 

Mean 

S.D. 

t 

I . 

88.90° 

2.39 

92.76° 

2.36 

II . 

88.31° 

2.32 

1.265 

93.29° 

2.70 

0.112 

Ill . 

88.44° 

3.72 

0.571 

91.74° 

4.12 

1.711 

IV . 

83.71° 

5.19 

6.342 

88.00° 

5.46 

6.111 

The  purpose  and  the  method  of  analyzing  axial  inclination  of  lower  premolars  was 
mentioned  previously.  Data  analysis  is  shown  in  Table  8. 

It  was  found  that  the  axial  inclination  of  the  first  premolars  was  slightly  less  than 
a  right  angle  (distal  tipping),  whereas  that  of  the  lower  second  premolars  was  slightly 
greater  than  a  right  angle  (mesial  tipping).  Also,  there  was  no  significant  difference 
between  the  means  of  the  normal  group  and  the  means  of  the  other  groups,  with  the 
exception  of  Group  IV.  When  the  mean  of  this  group  was  compared  with  the  mean  of 
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the  normal  group,  5°  less  angulation  in  both  the  first  and  the  second  premolar  cases 
was  demonstrated.  This  was  significant  at  the  1  per  cent  level  of  confidence, 

DISCUSSION 

Examination  of  the  results  reveals  that  rotation  of  permanent  teeth  can  occur  in 
the  pre-eruptive  stage  of  development.  Morgan^  stated  that  prolonged  retention  of 
primary  teeth  was  one  cause  of  rotation.  The  present  study,  in  addition,  demonstrated 
that  there  were  other  contributing  factors,  such  as  asymmetrical  root  resorption,  path¬ 
ologic  involvement  of  deciduous  molars,  and  the  premature  loss  of  the  first  permanent 
molar.  It  was  shown  in  Group  II  that  there  was  significant  rotation  of  permanent 
teeth,  but  that  prolonged  retention  did  not  appear  to  be  a  cause  of  rotation.  However, 
the  retention  of  the  deciduous  root  tips  in  Figures  3  and  4  (Case  3)  may  contribute 
to  the  rotation  of  the  second  premolar.  Group  III  showed  severe  tooth  rotations. 


Fig.  3. — Roentgenograms  {upper  series — left;  lower  series — right)  showing  radiolucent  lesions  de¬ 
viating  the  eruption  pathway  of  lower  second  premolars.  Case  #3  at  A,  9.1  years;  B,  10.1  years;  C, 
11.2  years;  D,  12.2  years. 


Fig.  4. — Cast  taken  at  12.2  years  showing  severity  of  rotation  of  second  premolars 
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whereas  Group  IV  demonstrated  not  only  severe  rotations  but  also  considerable  axial 
deviation. 

Permanent  tooth  rotations  analyzed  in  Group  III  may  result  from  pathologic  lesions 
or  fluid  pressure  in  the  deciduous  root  area.  It  is  possible  that  these  pressures  may 
be  transmitted  directly  to  the  dental  sac  or  tooth  bud,  with  the  result  that  the  perma¬ 
nent  tooth  becomes  rotated.  This  response  takes  place  in  a  direction  opposite  to  the 
applied  force  and  may  alter  the  pathway  of  eruption  by  the  interaction  of  the  eruptive 
forces  and  the  pressure  from  the  pathologic  process. 

Figures  3  and  5  demonstrate  clearly  the  radiolucent  lesions  in  close  approximation 
to,  or  in  contact  with,  permanent  teeth. 

The  results  of  this  investigation  offer  evidence  that  teeth  which  cannot  be  restored 
to  a  normal  healthy  condition  should  be  extracted. 


Fig.  S. — Roentgenograms  {upper  series — left;  lower  series — right)  showing  increasing  severity  of 
rotation  of  lower  left  second  premolar.  Case  #144  at  A,  6.3  years;  B,  7.3  years;  C,  8.4  years;  D,  12.2 
years. 


Fig.  6. — Cast  taken  at  10.4  years  showing  rotation  of  second  premolar 
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In  conjunction  with  the  loss  of  the  first  permanent  molar  (Group  IV),  it  was  found 
that  premolars  not  only  rotate  but  also  incline  distally.  Therefore,  the  extraction  of 
the  first  permanent  molar  prior  to  the  eruption  of  the  adjacent  premolars  should  be 
avoided  if  possible. 

SUMMARY 

This  investigation  was  undertaken  to  determine  the  pre-eruptive  causes  of  rotation 
and  the  axial  inclinations  of  the  lower  premolars.  Angular  measurements  were  obtained 
directly  from  the  study  models  and  radiographs  with  the  aid  of  an  arm  protractor. 
From  503  longitudinal  case  records,  180  cases  of  the  lower  first  premolars  and  211 
cases  of  the  lower  second  premolars  were  selected  for  study. 

In  Group  I,  the  normal  sample,  less  than  3°  of  mean  rotation  was  found  in  both 
erupting  first  and  second  premolars.  The  mean  axial  inclinations  were  88.90°  for  the 
first  premolars  and  92.76°  for  the  second  premolars. 

In  Group  II,  the  mean  rotations  were  6.26°  for  the  first  premolars  and  11.90°  for 
the  second  premolars.  The  differences  of  the  means  were  found  to  be  significant  at  the 
1  per  cent  level  of  confidence  when  compared  with  the  means  of  the  normal  sample. 
The  mean  axial  inclinations  were  88.31°  and  93.29°  for  the  first  and  second  premolars, 
respectively,  and  no  significant  difference  was  found  between  the  means  of  Groups  I 
and  II. 

In  Group  III,  the  mean  rotations  were  11.71°  for  the  first  premolars  and  23.57° 
for  the  second  premolars.  The  mean  differences  between  this  group  and  the  normal 
sample  were  found  to  be  significant  at  the  1  per  cent  level  of  confidence.  It  was  also 
found  that  cases  which  had  lesions  in  the  deciduous  molar  root  area  for  more  than  one 
year  showed  significantly  greater  mean  rotations  than  those  which  had  lesions  for  less 
than  one  year.  The  means  of  axial  inclination  were  88.44°  for  the  first  premolars  and 
91.74°  for  the  second  premolars. 

In  Group  IV,  the  mean  rotations  were  12.66°  and  25.59°  for  the  first  and  second 
premolars,  respectively.  The  mean  differences  between  this  group  and  Group  I  were 
also  found  to  be  significant  at  the  1  per  cent  level  of  confidence.  The  mean  axial  in¬ 
clinations  were  83.71°  and  88.00°  for  the  first  and  second  premolars,  respectively. 
These  mean  axial  inclinations  were  found  to  be  significantly  different  at  the  1  per  cent 
level  of  confidence  when  compared  with  the  normal  group. 

In  general,  it  was  found  that  the  lower  first  and  second  premolars  had  a  characteristic 
tendency  to  rotate  in  a  mesial  direction.  This  tendency,  as  well  as  the  severity  of  rota¬ 
tion,  was  found  to  be  greater  in  second  premolars  than  the  first  premolars. 

It  was  concluded  that  ( 1 )  the  preservation  of  a  deciduous  molar  with  apical  pathology 
is  contraindicated,  and  (2)  the  extraction  of  the  lower  first  permanent  molar  prior 
to  the  eruption  of  adjacent  premolars  should  be  avoided,  if  possible. 

The  authors  wbh  to  express  their  gratitude  to  the  Trustees  of  the  Abbe  Frances  Lawton  Founda¬ 
tion,  Central  Falls,  Rhode  Island,  for  their  support  and  encouragement,  and  to  Mrs.  Edith  Tiffany 
Hill  and  Mrs.  Ruth  Oldham  for  their  assistance  and  co-operation. 
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The  Caries-Conduciveness  of  a  High-Sucrose  Diet 
with  and  without  the  Addition  of  Brewer  sY east 


JOHN  HALDI,  WINFREY  WYNN,  and  MARY  L.  LAW 
Emory  University  School  of  Dentistry,  Atlanta,  Georgia 


Several  years  ago  Dalderup  and  Jansen^  reported  experiments  in  which  the  cariogenic- 
ity  of  a  synthetic  high-sucrose  diet  was  markedly  reduced  by  the  addition  of  brewer’s 
yeast  to  the  diet.  The  diet  employed  in  these  experiments  was  that  described  by  Sogn- 
naes.2  We  have  fed  this  diet,  which  we  have  designated  as  the  “Harvard  diet,”  in  a 
number  of  experiments  and  have  found  it  to  be  considerably  more  cariogenic  than  our 
Emory  diet,  although  both  diets  contain  the  same  amount  (65  per  cent)  of  sugar.®  As 
yeast  and  liver  extract  are  incorporated  in  the  Emory  diet,  whereas  liver  concentrate 
without  yeast  is  added  to  the  Harvard  diet,  it  was  suggested  by  Dalderup  and  Jansen 
that  the  presence  of  yeast  extract  in  the  Emory  diet  might  explain  why  this  diet  is  less 
conducive  to  dental  caries  than  the  Harvard  diet. 

In  later  experiments  in  which  this  suggestion  was  submitted  to  an  experimental  test, 
we  were  unable  to  obtain  a  reduction  in  the  caries-conduciveness  of  the  Harvard  diet 
by  adding  either  Fleischmann’s  yeast  or  yeast  and  liver  extract.  It  was  therefore  con¬ 
cluded  that  the  difference  in  cariogenicity  of  the  Emory  and  Harvard  diets  could  not  be 
accounted  for  by  the  yeast  extract  in  the  Emory  diet. 

Our  failure  to  obtain  results  with  Fleischmann’s  yeast  comparable  to  those  obtained 
by  Dalderup  and  Jansen  with  yeast  produced  in  an  Amsterdam  brewery  suggested  to 
us  that  the  difference  in  the  results  of  these  two  experiments  may  have  been  due  to  a 
difference  in  the  American  and  European  yeasts.  In  discussing  this  possibility  with  Dr. 
Dalderup,  we  learned  that  the  brew  procedures  in  America  and  Europe  are  completely 
different  and  require  different  types  of  yeast.  We  have  accordingly  pursued  our  investi¬ 
gation  further  by  obtaining  yeast  from  the  same  supplier*  who  provided  the  yeast  used 
in  the  experiments  of  Dalderup  and  Jansen. 

EXPERIMENTAL  METHODS 

Twenty  pairs  of  littermate  albino  rats  were  sialoadenectomized  at  weaning.  From 
this  time  on,  one  animal  of  each  pair  was  fed  the  Harvard  diet  and  its  littermate  the 
same  diet,  to  which  5  gm.  of  the  European  brewer’s  yeast  was  added  to  95  gm.  of  the 
diet.  All  the  animals  were  allowed  to  eat  ad  libitum.  The  experiment  continued  for  60 
days,  and  the  animals  were  sacrificed  at  the  conclusion  of  this  period,  whereupon  the 
teeth  were  examined  and  scored  for  caries  by  our  usual  procedure.^ 


This  investigation  was  supported  by  Contract  DA-49-007-MD-67S  with  the  U.S.  Army  Medical 
Research  and  Development  Command,  Office  of  the  Surgeon  General  of  the  U.S.  Army. 

Received  for  publication  October  22, 1960. 

♦  The  yeast  which  was  provided  us  by  the  Povite  Production  N.V.,  Amsterdam,  was  obtained  from 
its  subsidary,  Amstel  Browverez  N.V.  We  wish  to  express  our  appreciation  to  Dr.  G.  G.  A.  Masten- 
broek  for  sending  us  a  generous  supply  of  yeast.  The  name  and  address  of  the  supplier  were  kindly 
sent  to  us  by  Dr.  Dalderup. 
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RESULTS 

It  is  apparent,  from  the  results  of  the  experiments  shown  in  Table  1,  that  the  addi¬ 
tion  of  yeast  to  the  diet  in  these  experiments  did  not  reduce  either  the  number  or  the 
extent  of  the  carious  lesions. 


DISCUSSION 

The  role  of  yeast  added  to  the  diet  in  modifying  the  cariogenicity  of  the  diet  presents 
a  perplexing  problem  because  of  the  discrepancies  in  the  results  obtained  by  various 
investigators.  Whereas  Dalderup  and  Jansen^  found  that  the  addition  of  5  per  cent 
brewer’s  yeast  to  a  high-sucrose  diet  resulted  in  a  reduction  of  dental  caries,  they  could 
not  obtain  a  similar  effect  by  adding  yeast  to  three  other  diets:  one  designed  to  resem¬ 
ble  the  average  Dutch  diet  as  closely  as  possible,  especially  with  respect  to  acid-base 
balance;  one  which  had  the  actual  average  composition  of  the  rations  of  the  Dutch 


T.ABLE  1 

Dental  Caries  of  Albino  Rats  Fed  a  High-Sucrose  Diet 
WITH  and  without  ADDITION  OF  BREWER’S  YEAST 


Diet 

No.  of 
Animals 

Av.  No. 
Carious 
Lesions 

Av.  Caries 
Score 
(S.E.M.)* 

C.R.t 

High-sucrose . 

High-sucrose  plus  5  per 

20 

25 

hH 

1.2 

cent  yeast . 

20 

24 

m 

*  Standard  error  of  the  mean. 

t  The  critical  ratio  is  the  ratio  of  the  difference  between  two  means  to  the  standard 
error  of  the  difference  between  the  means.  When  the  critical  ratio  is  less  than  2.0,  the 
difference  between  the  means  is  considered  to  be  statistically  insignificant;  2.0  to  2.9, 
the  difference  is  of  borderline  significance;  3.0  or  more,  the  difference  is  highly  signifi¬ 
cant  (J.  M.  Dunning,  J.D.  Res.,  29:541,  1950). 

population ;  and  another,  the  coarse  corn  diet  of  Hoppert,  Webber,  and  Canniff Butt- 
ner,  Cremer,  and  Hartung®  were  also  able  to  reduce  the  cariogenicity  of  a  high-sucrose 
diet  by  supplementing  it  with  5  per  cent  yeast,  Torula  utilis.  They  obtained  similar 
results  with  a  barley-sugar-fish  meal  diet. 

We  find  it  difficult  to  explain  the  difference  between  the  results  of  our  experiments 
and  those  of  Dalderup  and  Jansen  and  those  of  Buttner,  Cremer,  and  Hartung  with  a 
high-sucrose  diet  as  in  all  these  experiments  the  diets  were  essentially  the  same.  The 
discrepancy  between  the  results  of  our  experiments  and  those  of  Buttner,  Cremer,  and 
Hartung  may  perhaps  be  accounted  for  by  the  different  yeasts  used  in  the  two  experi¬ 
ments.  This,  however,  was  not  the  case  with  respect  to  the  experiments  of  Dalderup  and 
Jansen,  since  the  yeasts  used  in  their  experiments  and  in  ours  were  obtained  from  the 
same  source.  It  should  be  noted  that  in  our  experiments  the  animals  were  sialoadenec¬ 
tomized,  whereas  in  those  of  Dalderup  and  Jansen  the  salivary  glands  were  not  re¬ 
moved.  We  are  inclined  to  believe,  however,  that  this  is  not  the  deciding  factor,  inas¬ 
much  as  we  have  found  that,  under  identical  dietary  conditions,  dental  caries  develops 
in  our  animals  whether  the  salivary  glands  are  removed  or  left  intact.  Sialoadenectomy 
serves  only  to  accelerate  the  carious  process.  Furthermore,  Buttner,  Cremer,  and  Har- 
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tung  found  that  yeast  was  effective  in  reducing  the  cariogenicity  of  the  diet  fed  to 
sialoadenectomized,  as  well  as  to  intact,  animals. 

To  add  to  the  confusion  of  this  problem,  Buttner  and  Muhler^  were  unable  to  obtain 
a  reduction  in  caries  when  yeast  was  added  to  the  same  kind  of  barley-sucrose-fish  meal 
diet  as  that  employed  in  the  experiments  of  Buttner,  Cremer,  and  Hartung.®  Subse¬ 
quently,  Buttner  and  Muhler®  reported  that  the  addition  of  10  per  cent  irradiated 
yeast  to  a  stock  corn  diet  actually  increased  the  cariogenicity  of  the  diet.  In  later  ex¬ 
periments  the  same  results  were  obtained  by  Muhler  and  Shafer.®  These  results  were 
the  reverse  of  those  obtained  in  the  earlier  experiments  by  Buttner  and  Muhler  with 
the  barley-sucrose-fish  meal  diet. 

Unfortunately,  our  experiments  do  not  contribute  toward  a  clarification  of  the  per¬ 
plexing  problem  of  the  role  that  yeast  may  play  in  modifying  the  cariogenicity  of  diets. 
Nevertheless,  it  was  deemed  advisable  to  submit  our  results  for  publication,  in  order  to 
bring  to  the  attention  of  other  investigators  a  few  points  which  have  been  impressed 
upon  us  as  a  result  of  our  own  studies  and  our  review  of  the  literature,  namely:  ( 1 )  in 
the  present  state  of  our  knowledge,  one  is  not  justified  in  drawing  any  general  conclu¬ 
sions  with  respect  to  the  action  of  yeast  on  the  onset  or  spread  of  dental  caries;  (2)  the 
confusion  that  now  exists  on  this  question  indicates  that  considerably  more  work  is 
needed  to  throw  light  on  this  problem;  (3)  future  investigations  must  take  into  account 
the  possible  interrelations  of  such  factors  as  the  composition  of  the  diet,  the  source  and 
kind  of  yeast  added  to  the  diet,  and  the  presence  or  absence  of  the  salivary  glands  in 
the  experimental  animals. 

SUMMARY 

The  addition  of  brewer’s  yeast  obtained  from  Amsterdam,  Holland,  did  not  affect 
the  cariogenicity  of  our  high-sucrose  diet.  These  results  were  the  same  as  those 
previously  obtained  in  our  laboratories  with  Fleischmann’s  yeast.  The  inconsistencies 
in  the  results  obtained  by  various  investigators  on  the  modification  of  the  cariogenicity 
of  the  diet  by  the  addition  of  yeast  necessitate  further  investigation  of  this  problem. 
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Dissolution  Rates  of  Enamel  and  Dentin 
in  Acid  Buffers 


MICHAEL  G.  BUONOCORE 

Eastman  Dental  Dispensary,  Rochester,  New  York 

It  is  generally  agreed  that  add  action  is  a  major  factor  in  caries,  and  lactic  acid  has 
been  considered  primarily  responsible.  Analyses  of  plaques,  saliva,  and  carious  mate¬ 
rial,  however,  have  revealed  the  existence  of  many  acids,  any  or  all  of  which  may  con¬ 
tribute  to  the  dissolution  of  teeth.^"*  These  acids  represent  a  range  of  chemical  proper¬ 
ties  which  may  influence  the  rate  and  extent  of  enamel  and  dentin  decalciflcation,  de¬ 
pending  on  the  type  of  acid  or  acids  involved.  Johnston,®-  for  instance,  has  reported 
that  the  capacity  of  organic  acids  to  dissolve  synthetic  calcium  phosphates  is  consider¬ 
ably  influenced  by  their  structure.  Because  hydrogen  ion  is  common  to  all  acids,  varia¬ 
tions  in  solubility  effects  observed  by  Johnston  can  be  related  to  differences  in  the 
chemical  structure  of  the  anions  of  the  acids. 

There  is  considerable  evidence  that  the  structure  of  anions  is  extremely  important 
biologically,  as,  for  example,  the  effect  of  the  anions  derived  from  citric  and  ethylene- 
diaminetetraacetic  acids  in  increasing  the  solubility  of  calcified  structures  through 
complex  formation.  Little  attention,  however,  has  been  given  to  the  possibility  that 
specific  anions  may  influence  the  acid  dissolution  of  enamel  and  dentin.  Stralfors^^  has 
recently  shown  that  buffers  of  different  acids  vary  in  their  capacity  to  dissolve  intact 
enamel  surfaces,  but  he  did  not  attempt  to  relate  these  variations  to  the  structure  of 
the  acids.  Among  his  buffers,  both  the  anion  and  the  undissociated  acid  concentration 
differed,  with  pH  the  only  common  factor.  Under  such  conditions  it  is  difficult  to  sepa¬ 
rate  effects  on  solubility  which  may  be  due  to  differences  in  amount  of  undissociated 
acid  from  those  due  to  differences  in  the  amount  or  chemical  structure  of  the  anions. 

In  the  present  investigation,  acids  were  compared  for  their  ability  to  decalcify 
enamel  and  dentin  as  simple  buffers,  wherein  the  pH  and  anion  concentration  were 
equated.  Differences  among  the  buffers,  therefore,  were  essentially  in  the  amount  of 
undissociated  acid  and  the  kind  of  anions  present.  Under  these  conditions  the  finding 
of  a  definite  correlation  between  undissociated  acid  concentration  and  extent  of  dissolu¬ 
tion  would  be  meaningful  and  suggestive  of  the  absence  of  specific  anion  effects.  On  the 
other  hand,  deviations  from  such  a  solubility  trend  line  could  be  indicative  of  specific 
anion  effects. 


MATERIALS  AND  METHODS 

Nine  chemically  pure,  fluoride-free  acids  were  used  in  this  investigation.  To  eliminate 
the  pH  variable,  simple  buffers  of  sufficient  capacity  to  resist  change  in  pH  during  the 
reaction  time  were  employed.  So  that  the  same  amount  of  anions  was  compared  for 
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each  acid,  a  given  amount  of  base  was  titrated  with  a  solution  of  each  acid  to  pH  4.0. 
To  prepare  the  buffers,  a  quantity  of  standardized  sodium  hydroxide  solution,  sufficient 
to  produce  a  molarity  of  0.043  when  made  up  to  a  final  volume  of  1000  cc.,  was  added 
to  850  cc.  of  distilled  water.  This  solution  was  then  titrated  with  a  solution  of  known 
concentration  of  each  acid  to  pH  4.0,  using  a  meter*  to  follow  the  course  of  the  titra¬ 
tion.  The  volume  was  then  brought  to  the  desired  level,  and  the  pH  rechecked  and  ad¬ 
justed  if  necessary.  For  proprionic  acid  an  additional  buffer  was  prepared,  using  half  the 
afore-mentioned  amount  of  sodium  hydroxide  to  give  an  anion  concentration  of  0.022 
M.  This  method  of  preparing  the  buffers  produces  solutions  having  the  same  pH,  acid 
anion,  and  sodium  ion  concentrations,  since  the  total  amount  of  base  is  completely 
neutralized  in  each  instance.  For  other  tests  in  which  aspartate  and  acetate  buffers 
alone  were  compared,  decalcifying  solutions  of  0.2  M  acid  concentration  were  made  in 
the  conventional  manner  by  titration  of  acid  with  base  to  pH  4.0.  In  equating  pH  and 
acid  anion  concentration  for  the  buffers,  the  concentration  of  undissociated  acid  present 
in  each  buffer  must  necessarily  be  different  and  directly  proportional  to  the  pK  of  the 
acid.  Except  for  the  anions  of  the  amino  acids  which  are  polyvalent,  the  anions  of  the 
other  acids  are  monovalent,  and,  since  the  undissociated  acid  molecules  have  no  charge, 
their  buffers  have  approximately  the  same  ionic  strength.  The  amino  acids,  however, 
exist  as  zwitterions,  and  in  this  paper  the  natural  zwitterionic  form  is  designated  as 
“undissociated  acid.”  The  dissociated  and  undissociated  forms  of  the  amino  acids  are 
polyvalent  and  therefore  contribute  to  a  higher  ionic  strength  for  these  buffers.  The 
enamel  and  dentin  powders  used  were  prepared  according  to  the  method  of  Manly 
and  Hodge^“  as  modified  by  Burnett  and  Battistone.^^ 

In  one  series  of  tests  the  dissolving  rates  of  enamel  and  dentin  were  determined  by 
mechanically  shaking  50-mg.  samples  with  100  cc.  of  the  buffer  solutions  for  30  minutes 
on  a  wrist-action  shaking  machine.t  In  another  series,  100-mg.  samples  were  used  with 
50  cc.  of  the  0.2  M  buffers.  In  still  another  series  of  tests,  50-mg.  tissue  samples  were 
employed  with  100  cc.  of  buffers  which  were  0.1  M  with  respect  to  the  anion  concentra¬ 
tion.  These  buffers  were  used  in  tests  with  anorganic  enamel  prepared  according  to  the 
method  of  William  and  Irvine'^  by  taking  200-270-mesh  enamel  and  treating  with 
ethylene  diamine  to  remove  organic  matter.  The  resulting  enamel  has  about  the  same 
particle-size  distribution  as  the  smaller  than  270-mesh  untreated  enamel.  The  solutions 
were  filtered  through  selas  filtering  crucibles  of  5-ja  maximum  pore  diameter,  and  the 
filtrates  were  analyzed  for  calcium  and  phosphorus.  Phosphorus  was  determined  by  the 
method  of  Quinlan  and  DeSesa,^®  and  calcium  was  analyzed  by  the  method  of  Schwar- 
zenback.^*  Both  methods  were  modified  as  outlined  by  Koulourides^^  to  include  the  use 
of  perchloric  acid  to  oxidize  the  organic  acids  present  which  interfere  in  the  analysis. 
At  least  duplicate  runs  were  made  for  each  buffer,  and  the  runs  were  repeated  when 
the  analytical  findings  did  not  check  within  5  per  cent.  All  tests  were  conducted  at 
25°  ±  1°  C.  Changes  in  pH  were  generally  within  0.1  of  a  unit  following  reaction. 

RESULTS 

Table  1  shows  the  results  of  treating  50  mg.  of  120-200-mesh  enamel  for  30  minutes 
with  100  cc.  of  each  of  the  pH  4.0  buffer  solutions.  Dissolution  of  enamel  was  measured 

♦  Beckman  Model  G,  Beckman  Instrument  Co.,  Pasadena,  California. 

t  Burrill  Corp.,  Pittsburgh,  Pennsylvania. 
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in  milligrams  of  calcium  and  phosphate  dissolved.  Under  the  heading  “Initial  undisso¬ 
ciated  acid  molarity,”  are  the  concentrations  of  the  buffers  with  respect  to  the  undisso¬ 
ciated  acid  as  determined  from  titration  figures.  The  amounts  of  undissodated  acid 
present  in  the  buffers  ranged  from  0.016  M  for  formic  acid  to  0.281  M  for  propionic 
acid  and  bore  no  definite  relationship  to  the  amount  of  enamel  dissolved.  This  is  clear¬ 
ly  shown  in  comparing  the  low  solubility  in  the  aspartic  buffer  with  the  high  value  ob¬ 
tained  in  the  lactate  buffer,  which  had  the  same  concentration  of  undissociated  acid,  and 
is  also  evident  from  the  result  with  the  glutaric  acid  buffer,  which  had  about  one-third 
the  amount  of  undissociated  acid  of  the  acetate  buffer,  yet  dissolved  approximately  the 
same  quantity  of  enamel.  Similarly,  a  comparison  of  the  results  with  glutaric  and  gly¬ 
colic  acids  leads  to  the  same  conclusion.  There  nevertheless  appeared  to  be  a  tendency 

TABLE  1 


Solubility  of  50-Mg.  Samples  of  120-200-Mesh  Enamel  Shaken  for  30 
Minutes  in  100  Cc.  of  pH  4  Buffers  of  Same  Anion  Concentration 
(Phosphorus  and  Calcium  Analysis  of  Filtrates) 


Burre* 

I.NiTiAL  Un¬ 
dissociated 

Acid 

Molahity 

Final  pH 

Mg.  Dis 

Ca 

SOLVED 

p 

Peb  Cent 
Diffekence 

FKOlf 

Aspartate 

Formic . 

0.016 

4.15 

10,8 

5.0 

-f  64.5 

Glycolic . . 

0  024 

4.11 

12.5 

5.6 

-h  88.0 

Aspartic . 

0.030 

4.05 

6.6 

3  0 

I^actic . 

0.030 

4.12 

11.3 

5.3 

-f-  72.7 

Succinic . 

0.050 

4.04 

11.3 

5.5 

-F  75.3 

Glutaric . 

0  065 

4.09 

12.3 

6  1 

4-  92.0 

Glutamic . 

0.086 

4.04 

8.6 

3.9 

+  29.5 

.Acetic . 

0  197 

4.05 

13.5 

6.2 

4-104.2 

Propionic . 

0.281 

4.05 

12.1 

5.9 

+  88.0 

Propionic* . 

0.152 

4.05 

11.9 

5.6 

4-  82.1 

*  0.022  anion  concentration. 


for  the  buffers  of  the  weaker  acids  to  dissolve  more  enamel  than  the  buffers  of  the 
stronger  acids.  This  can  be  related  to  the  larger  amounts  of  undissociated  acid  present  in 
the  buffers  of  the  weaker  acids  which  provided  a  greater  diffusion  potential  of  un¬ 
dissociated  acid  from  the  bulk  solution  to  the  surface  of  the  enamel  particles,  to  re¬ 
plenish  acid  which  was  used  up  in  the  dissolution  reaction.  The  availability  of  greater 
numbers  of  acid  molecules  for  reaction  with  enamel  could  be  expected  to  increase  the 
dissolution  rate.  In  line  with  these  considerations  are  the  results  with  the  propionic 
acid  buffers,  wherein  doubling  the  anion  and  free  acid  resulted  in  a  6  per  cent  increase 
in  the  amount  of  enamel  dissolved.  This  result,  however,  also  indicates  that  large  in¬ 
creases  in  undissociated  acid  concentration  had  relatively  little  effect  on  dissolution 
i  capacity,  at  least  for  proprionic  acid  at  the  concentration  levels  used. 

The  most  significant  observation  in  these  tests  was  the  unexpected  low  dissolution 
demonstrated  by  the  aspartate  and  glutamate  buffers.  The  large  percentage  differences 
in  dissolving  capacities  between  the  aspartate  buffer  and  the  other  acid  buffers  are 
I  shown  in  the  last  column  of  Table  1.  The  comparable  dissolving  capacities  of  the 
aspartate  and  glutamate  buffers  are  not  surprising,  in  view  of  the  chemical  similarity 
I  between  these  two  acids. 
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If  the  reason  for  the  low  solubility  of  enamel  in  the  aspartate  and  glutamate  buffers 
is  due  to  factors  inherent  in  the  buffers  rather  than  in  the  enamel,  then  comparable  pat¬ 
terns  of  dissolution  should  prevail  for  dentin,  since  the  dissolving  inorganic  phase  is 
chemically  similar  to  that  in  enamel.  The  results  of  the  solubility  tests  using  80-120- 
mesh  dentin  are  shown  in  Table  2.  Contrary  to  expectations  and  to  their  behavior 
shown  with  enamel,  all  buffers  showed  similar  dissolving  capacities  for  dentin.  Since  the 
different  buffers  had  the  same  pH  and  anion  concentration,  it  would  appear  that  these 
factors,  rather  than  the  kind  of  anion  and/or  difference  in  the  amounts  of  undissociated 
acid  dominated  the  dissolution  of  dentin  under  the  experimental  conditions. 

The  difference  in  solubility  between  the  glutamic  acid  buffer,  which  gave  the  lowest 
solubility,  and  the  acetic  acid  buffer,  which  showed  the  highest  solubility  with  den- 

TABLE  2 


Solubility  of  50-Mg.  Samples  of  80-120-Mesh  Dentin  Shaken  for  30 
Minutes  in  100  Cc.  of  pH  4  Buffers  of  0.043  Anion  Concentration 
(Phosphorus  and  Calcium  Analysis  of  Filtrates) 


Buffek 

Initial  Un- 

DISSOCUTED 

Acid 

Molaeity 

Final  pH 

Mg.  Dis 

Ca 

SOLVED 

p 

Per  Cent 
Difference 

FROM 

Aspartate 

Formic . 

0.016 

4.15 

■n 

5.3 

-1.4 

Glycolic . 

0.024 

4.10 

5.4 

+2.4 

Aspartic . 

0.030 

4.08 

5.4 

Lactic . 

0.030 

4.13 

KisS 

5.0 

0.0 

Succinic . 

0.050 

4.05 

12.3 

5.5 

+5.0 

Glutaric . 

0.065 

4.08 

11.7 

5.4 

+1.1 

Glutamic . 

0.086 

4.03 

11.3 

5.0 

-3.8 

Acetic . 

0.197 

4.05 

12.4 

6.1 

-9.3 

Propionic . 

0.281 

4.06 

11.7 

5.7 

+  1.1 

Propionic* . 

0.152 

4.05 

11.4 

5.3 

-1.8 

*  0.022  anion  concentration. 

tin,  was  IS  per  cent.  This  difference  is  small  compared  with  the  104  per  cent  solu¬ 
bility  difference  in  the  enamel  series  between  the  aspartate  buffer,  which  gives  the 
lowest  solubility,  and  the  acetate  buffer,  which  gives  the  highest.  This  indicates  that  the 
low  enamel  solubility  in  the  amino  acid  buffers  was  not  due  to  any  inherent  lack  of 
capacity  of  these  buffers  to  dissolve  apatite.  The  results  of  tests  to  determine  whether 
the  difference  in  solubility  behavior  of  enamel  and  dentin  could  be  related  to  the  sur¬ 
face  areas  of  these  materials  are  shown  in  Table  3,  along  with  those  for  a  well-charac¬ 
terized  sample  of  synthetic  hydroxyapatite.*  Although  enamel  and  dentin  solubility 
increased  in  both  buffers  as  particle  size  decreased,  the  differences  in  the  amounts  of 
enamel  dissolved  by  the  aspartate  and  acetate  buffers  for  each  mesh  size  were  approxi¬ 
mately  the  same.  Hence  increases  in  enamel  surface  area,  within  the  limits  of  the 
particle  sizes  used,  had  relatively  little  effect  on  the  magnitude  of  the  difference  be¬ 
tween  the  dissolving  capacities  of  the  aspartate  and  acetate  buffers.  Dentin  behaved 
essentially  as  hydroxyapatite,  which  showed  no  difference  in  solubility  in  the  two 
buffers. 


♦  Victor  Chemical  Co.,  New  York,  New  York. 
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Table  4  shows  a  comparison  of  the  solubility  of  enamel  treated  with  ethylene  diamine 
to  increase  surface  area  with  intact  enamel  and  dentin  in  acetate  and  aspartate  buffers, 
both  0.1  M  with  respect  to  anion  concentration.  The  acetic  acid  buffer  at  this  anion 
concentration  contained  an  undissociated  acid  concentration  of  more  than  twice  that 
present  in  the  0.2  M  acetic  acid  buffer  (Table  3).  With  the  aspartate  buffers,  however, 
there  was  relatively  little  difference  in  undissociated  acid  concentration.  Hence  one 
might  expect  a  tendency  toward  greater  dissolution  in  the  acetate  buffer,  thus  favoring 

TABLE  3 


Dissolution  of  100  Mg.  of  Enamel,  Dentin,  and  Synthetic  Apatite  by  50  Cc.  of  0.2  M 
pH  4  Aspartic  and  Acetic  Acid  Buffers  in  30  Minutes 
(as  Mg.  P) 


Buffer 

Enauel 

Dentin 

Synthetic 

Hydroxyl- 

apatite 

120-200 

.Mesh 

200-270 

Mesh 

<270 

Mesh 

80-120 

Mesh 

120-200 

Mesh 

1.  .\spartate . 

4.9 

6.5 

6.1 

8.7 

14.8 

2.  .\cetate . 

9.4 

10.7 

7.3 

8.7 

14.8 

Difference  2  over  1 . 

3.9 

4.5 

4.2 

1.2 

0 

0 

TABLE  4 

Solubility  of  50  Mg.  of  Enamel,  Dentin,  and  Anorganic 
Enamel,  Expressed  as  Mg.  Phosphorus  in  100  Cc.  cf  pH  4 
Buffers  of  0.1  M  Anion  Concentration  for  30  Min¬ 
utes 


Buffers 

Enamel 

(200-270 

Mesh) 

Anorganic 
Enamel 
(270  Mesh) 

Dentin 
•  (120-200 
Mesh) 

1.  Aspartic . 

2.6 

6.0 

3.5 

2.  Acetic . 

6.7 

8.8 

4.4 

Difference  2  over  1 . 

4.1 

2.8 

0.9 

a  larger  difference  between  it  and  the  aspartate  buffer  than  that  shown  in  Table  3.  This 
appeared  to  be  the  case  with  120-200-mesh  dentin  but  not  with  enamel,  where  the 
4.1 -mg.  difference  in  solubility  was  of  the  same  order  as  previously  found.  This  4.1 -mg. 
difference  in  enamel  solubility,  measured  as  phosphate  dissolved  between  the  aspartate 
and  acetate  buffers,  was  reduced  to  2.8  mg.  with  anorganic  enamel. 

discussion 

The  results  of  this  study  indicate  that  differences  in  the  rate  of  enamel  dissolution  in 
buffers  at  constant  pH  4.0  are  dependent  on  the  kind  of  acid  used,  and  not  on  the  anion 
concentration  or  to  a  particular  solid/solution  ratio  (data  of  Table  1  compared  with  data 
of  Tables  3  and  4).  Dentin,  on  the  other  hand,  seems  to  dissolve  to  about  the  same  ex- 
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tent  in  all  the  buffers.  The  similarity  in  behavior  patterns  of  dentin  and  synthetic 
apatite,  as  manifested  by  the  absence  of  a  difference  in  solubility  in  acetate  and  aspartate 
buffers  (Table  3),  suggests  that  the  particle  size  of  dentin  does  not  reflect  available  sur- 
tace  area.  Although  surface-area  measurements  were  not  made  on  our  dentin  and  enamel 
powders,  they  probably  would  show  areas  similar  to  those  reported  by  McCann  and 
Bullock.**  These  authors  report  surface  areas  for  325-mesh  enamel  as  being  about 
double  those  of  200-230-mesh  dentin.  On  this  basis  it  might  have  been  expected  that  the 
difference  between  the  amounts  of  120-200-mesh  dentin  dissolved  in  the  acetate  and 
aspartate  buffers  would  be  at  least  as  large  as  the  difference  obtained  by  using  the 
smaller  than  270-mesh  enamel.  Hence  the  absence  of  a  solubility  difference  with  120- 
200-mesh  dentin,  coupled  with  the  similar  behavior  pattern  shown  by  synthetic  apatite, 
whose  large  surface  area  approximates  that  of  bone,  suggests  that  the  surface  area  of 
dentin  as  determined  by  low-temperature  techniques  is  considerably  less  than  that 
available  to  a  liquid  decalcifying  me-^ium. 

Two  basic  questions  are  presented  here:  (1)  Why  do  the  amino  acid  buffers  show  a 
reduced  enamel-dissolving  capacity  compared  with  the  other  buffers  at  the  same  pH 
and  anion  concentration?  and  (2)  Why  is  this  difference  in  dissolving  capacity  not 
demonstrated  with  dentin? 

With  regard  to  the  first  question,  the  possibility  has  been  eliminated  that  the  low 
enamel  solubility  may  have  been  due  to  any  inherent  lack  of  capacity  of  the  amino 
acid  buffers  to  dissolve  hydroxyapatite.  The  dissolution  observed  with  dentin  leaves 
little  doubt  of  this.  There  are,  however,  certain  characteristics  of  the  amino  acid  buffers 
different  from  the  others  which  may  help  explain  their  small  dissolving  capacity  for 
enamel.  When  the  amino  acids  are  neutralized  by  base  to  pH  4.0,  it  is  the  undissociated 
carboxyl  group  that  is  acted  upon,  as  shown  below  for  aspartic  acid: 

COOH  COO- 

I  I 

CH2  CH2 

I  I 

HCNH+  -b  NaOH  HCNH+  -H  H2O  -|-  Na+ 

COO-  coo- 

(1)  (2) 

At  the  pH  4.0  level,  more  than  half  the  initial  acid  1  (which  in  this  study  is  called 
“undissociated  acid”)  has  been  neutralized  to  the  form  2  (which  is  termed  the  “acid 
anion”).  Forms  1  and  2  are  in  equilibrium  with  each  other.  With  the  non-amino  acids  the 
undissociated  acid  molecules  have  no  charge,  whereas  the  aspartic  acid  molecule  is 
doubly  charged.  Moreover,  all  the  anions  of  the  non-amino  acids  are  singly  charged, 
while  the  anions  of  aspartic  acid  have  a  triple  charge.  It  is  apparent,  therefore,  that,  in 
contrast  to  the  other  buffers,  the  aspartic  and  glutamic  acid  buffers  contain  relatively 
large  numbers  of  multivalent  undissociated  acid  molecules  and  anions.  Because  of  the 
presence  of  these  highly  charged  ionic  species,  buffers  have  a  significantly  higher  ionic 
strength  than  the  buffers  of  the  other  acids.^  This  factor,  however,  is  not  involved  in  the 

*  The  ionic  strength  contribution  of  the  highly  charged  amino  acid  ions  is  probably  not  so  great 
as  it  would  be  if  the  charges  were  of  the  same  sign.  The  proximity  of  positive  and  negative  charges 
in  the  same  molecule  cause  partial  internal  neutralization,  which  may  reduce  their  net  contribution 
to  ionic  strength. 
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reduced  ability  of  the  amino  acid  buffers  to  dissolve  enamel,  inasmuch  as  it  would  tend 
to  influence  the  results  in  the  direction  of  increased  dissolution.^®  For  instance,  it  is 
known  that,  within  certain  limits,  increases  in  the  ionic  strength  of  a  dissolving  medium 
will  result  in  an  increased  solubility  of  a  sparingly  soluble  substance.  Although  these 
considerations  are  derived  for  equilibrium  conditions  and  not  specifically  for  rate 
studies,  the  ionic  strength  factors  leading  to  an  increase  in  equilibrium  solubility  are 
operative  at  all  times  in  the  dissolving  medium.  Hence  in  the  present  study  the  moment- 
to-moment  operation  of  the  ionic  strength  factors  should  express  itself  in  an  increased 
enamel  dissolution.  Evidence  to  support  these  considerations  has  already  been  reported 
from  our  laboratories.^^  The  reduced  solubility,  therefore,  found  with  the  amino  acid 
buffers  is  probably  related  to  the  charges  of  the  amino  acid  ions  but  independent  of 
their  ionic  strength  contribution. 

Two  possibilities  may  be  considered  to  account  for  the  manner  in  which  the  high 
charges  might  bring  about  a  reduced  enamel  solubility.  These  possibilities  are  based 
on  the  fact  that  the  acid  dissolution  of  enamel  probably  involves  the  diffusion  of  un¬ 
dissociated  acid  molecules  to  the  enamel  surfaces  from  the  solution  and  the  diffusion  in 
the  opposite  direction  of  reaction  products.  Let  us  consider  the  first  possibility.  There 
is  evidence  that  in  solutions  of  the  sodium  salts  of  aspartic  and  glutamic  acids  large 
ionic  aggregates  exist. These  ionic  aggregates  and/or  the  anions  themselves  may  be 
attracted  to,  or  adsorbed  on  the  surface  of,  the  enamel  crystallites  to  form  a  sort  of 
ionic  barrier,  or  surface-bound  complexes.  An  ionic  barrier  or  shell  could  conceivably  be 
composed  of  anions  or  ionic  aggregates  having  their  negative  charges  oriented  toward 
the  enamel  particle  and  their  positive  charges  directed  toward  the  solution.  The  net 
effect  of  such  an  arrangement  would  be  to  retard  the  diffusion  of  undissociated  acid 
molecules  to  the  apatite  surface  to  provide  hydrogen  ion  for  decalcification  and,  in 
addition,  retard  the  diffusion  of  dissolution  products  to  the  bulk  solution,  hence  slow¬ 
ing  down  dissolution  rates.  The  presence  of  surface-bound  complexes  would  involve, 
of  course,  similar  considerations  to  account  for  the  low  dissolution  rates  in  the  amino 
acid  buffers.^^ 

The  second  possibility  is  based  in  part  on  certain  aspects  of  diffusion  as  outlined  by 
Sollner.2^  Although  the  crystallites  of  enamel  are  densely  packed,  there  nevertheless 
exist  small  spaces  between  the  crystallites  which  may  limit  the  diffusion  of  the  multi- 
charged  undissociated  amino  acid  ions  but  not  the  uncharged  acid  molecules  of  the 
other  buffers.  Because  of  this,  the  amount  of  enamel  surface  accessible  for  dissolution 
in  the  amino  acid  buffers  may  be  considerably  less  than  that  exposed  in  the  other 
buffers.  The  important  point  here  is  that,  while  an  increase  in  external  surface  area  is 
obtained  by  reducing  the  mesh  size,  even  in  these  smaller  enamel  particles  many 
spaces  exist  between  the  crystallites  which  may  be  less  accessible  to  the  “undissociated” 
amino  acid  ions  than  to  uncharged  undissociated  acid  molecules.  It  is  apparent,  how¬ 
ever,  that,  by  progressively  decreasing  particle  size,  the  ratio  of  accessible  to  inacces¬ 
sible  surface  must  increase,  which  should  result  in  progressively  smaller  differences  be¬ 
tween  the  solubility  of  the  enamel  in  the  amino  and  non-amino  acid  buffers.  In  our  tests 
this  tendency  was,  however,  not  associated  with  reductions  in  mesh  size  but  was  evident 
with  enamel  treated  with  ethylene  diamine,  which  apparently  increases  surface  area 
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considerably  more  than  reduction  in  particle  size  from  120-200  to  smaller  than  270 
mesh.  The  persistence  of  a  comparatively  large  difference  between  the  solubility  of 
anorganic  enamel  in  the  aspartate  and  acetate  buffer  (Table  4),  however,  indicates  that 
the  surface  available  for  reaction  is  nevertheless  considerably  smaller  than  that  for 
dentin  and  synthetic  hydroxyapatite. 

This  brings  us  to  the  second  basic  question  regarding  why  dentin  does  not  show  a 
reduced  solubility  in  the  amino  acid  buffers  compared  with  the  other  buffers.  It  is 
apparent  from  the  results  that  if  charge  factors  are  involved  in  the  reduced  solubility 
with  enamel,  they  are  operating  differently  with  dentin.  In  view  of  the  chemical  similar¬ 
ity  of  the  inorganic  phases  of  enamel  and  dentin,  it  seems  logical  to  consider  that  phys¬ 
ical  differences  between  these  substances  may  be  responsible  for  their  different  solubil¬ 
ity  behavior.  One  physical  characteristic  of  dentin  that  is  different  from  enamel  is  the 
loose  packing  and  random  distribution  of  considerably  smaller  crystallites  in  the 
former.  Consequently,  the  charged  “undissociated”  acid  ions  from  the  amino  acids  can 
diffuse  between  the  crystallites  as  readily  as  the  uncharged  undissociated  molecules  of 
the  other  acids.  Solubility  rates  among  the  buffers  should  therefore  be  similar,  other 
things  being  equal.  Another  characteristic  of  dentin  that  is  different  from  enamel  is  the 
greater  amount  and  kind  of  organic  matter  present,  which  presumably  surrounds  the 
apatite  crystallites.  The  existence  of  this  organic  matter  may  prevent,  by  chemical  or 
physical  means,  the  formation  of  an  ionic  shell  or  surface-bound  complexes  at  the 
crystallite  surfaces  to  retard  dissolution,  as  postulated  for  enamel. 

The  demonstration  of  specific  ion  effects  as  evidenced  by  the  lower  solubility  rates  of 
enamel  in  the  amino  acid  buffers  compared  with  the  others  appears  to  be  a  function  of 
both  the  structural  characteristics  of  the  acid  ions  used  and  the  structural  characteris¬ 
tics  of  the  enamel.  The  finding  that  certain  ionic  species  can  reduce  the  rate  at  which 
an  acidic  environment  dissolves  enamel  may  have  particular  significance  with  respect 
to  the  initiation  and  spread  of  caries  in  enamel.  For  instance,  it  has  been  previously 
reported  by  this  author^^  that  the  addition  of  aspartic  acid  to  decaldfying  buffers,  such 
as  lactic,  acetic,  and  pyruvic,  reduces  the  rate  of  enamel  dissolution  in  these  buffers. 
Moreover,  it  is  interesting  to  note  that  the  solubility-reducing  effect  is  not  related  to 
any  rise  in  the  pH  of  the  decalcifying  environment.  It  is  conceivable,  therefore,  that 
the  presence  of  certain  ionic  species  may  have  similar  effects  on  the  decalcifying  rates 
of  the  acidic  buffer  systems  of  plaques  and  other  areas  of  caries  attack  toward  enamel. 
In  vitro  support  for  this  idea  is  suggested  by  the  results  of  Koulourides^*  and  Koulou- 
rides  and  Buonocore,^®  which  show  that  anions  derived  from  citric  and  tartaric  acids 
and  lysine,  when  added  to  a  decalcifying  medium,  render  it  less  effective  in  dissolving 
enamel.  In  addition,  Osborn^^  and  more  recently  Jenkins*®  have  reported  that  certain 
organic  phosphates  are  capable  of  similar  solubility-reducing  effects.  Jenkins,  in  fact, 
suggests  the  idea  that  anticaries  action  of  fluoride  may  be  the  result  of  enolase  inhibi¬ 
tion  in  the  glycolytic  cycle,  which  may  bring  about  an  accumulation  of  2-phosphogly- 
ceric  acid,  which  in  turn  reduces  the  effectiveness  of  the  lactic  acid  in  dissolving  enamel. 
These  investigations,  therefore,  lend  support  to  our  own  findings  that  the  decalcifying 
potential  of  an  acid  medium  to  decalcify  enamel  can  be  considerably  influenced  by  the 
kind  of  acid  or  acids  present  therein. 

In  contrast  to  the  sensitivity  of  enamel  to  the  composition  of  the  decalcifying  en¬ 
vironment,  the  dissolution  of  dentin  appears  to  be  independent  of  the  type  of  acid. 
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Hence,  if  effects  of  the  sort  presented  herein  occur  in  vivo,  they  would  be  of  particular 
significance  with  respect  to  the  rate  of  initiation  and  spread  of  caries  in  enamel  but  not 
in  dentin. 


SUMMARY 

A  comparison  of  the  rates  of  solution  of  enamel  and  dentin  in  simple  pH  4  buffers  of 
nine  acids  (acetic,  lactic,  glycolic,  aspartic,  glutamic,  glutaric,  succinic,  propionic, 
formic)  indicated  that  the  rate  of  enamel  dissolution  was  influenced  by  the  kind  of 
acid  used.  The  rate  of  dentin  solubility,  on  the  other  hand,  which  is  approximately  the 
same  in  all  the  buffers,  appears  to  depend  not  on  the  kind  of  acid  but  on  the  pH  and 
anion  concentration  of  the  buffer. 

The  solubility  of  enamel  was  lowest  in  the  buffers  of  the  amino  acids,  with  the  solu¬ 
bility  in  the  aspartic  acid  buffer  ranging  from  about  40  to  50  per  cent  less  than  in  the 
other  buffers. 

It  has  been  postulated  that  the  multicharged  ions  derived  from  the  amino  acids,  by 
forming  surface-bound  complexes  with  the  enamel  particles,  retard  dissolution  rates. 
With  dentin  the  presence  of  the  organic  matter  may  interfere  with  the  formation  of  sur¬ 
face  complexes. 

Effects  of  this  sort  occurring  in  vivo  could  have  significant  bearing  on  the  rate  of  ini¬ 
tiation  and  spread  of  caries  in  enamel. 
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Phosphatase  in  Micro-organisms  Cultured  from 
Carious  Dentin  and  Calculus 
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Since  the  phosphatase  theory  of  ossification  was  first  proposed  by  Robison,^  it  has  been 
suggested  by  various  authors  that  a  similar  mechanism  might  operate  in  the  mouth  for 
the  formation  of  calculus.  There  was,  however,  some  controversy  as  to  the  source  of 
phosphatase  in  the  mouth.  Both  Adamson-  and  Smith^  stated  that  the  gingiva  was  the 
source  of  the  enzyme,  but  this  claim  was  not  confirmed  by  Zander.^  Clock,  Murray,  and 
Pincus,  Citron,®  and  Ennever  and  Warner^  demonstrated  that  oral  micro-organisms  are 
a  source  of  phosphatase. 

In  seeking  to  determine  the  significance,  if  any,  of  microbial  phosphatase  in  calculus 
formation,  an  attempt  was  made  to  utilize  the  bacterial  flora  derived  from  the  contrast¬ 
ing  phenomena  of  caries  and  calculus  formation.  Caries  involves  the  removal  of  calcium 
salts,  whereas  calculus  entails  their  deposition.  Hence,  if  microbial  phosphatase  were 
connected  specifically  with  calculus  formation,  its  presence  could  be  expected  in  cul¬ 
tures  from  calculus  but  not  in  cultures  from  carious  dentin,  unless  different  properties 
were  displayed  by  the  enzyme  obtained  from  each  source.  Alternatively,  if  similar 
phosphatase  were  found  in  both  situations,  this  would  indicate  that  its  existence  was 
not  specifically  related  to  calculus  deposition,  and  such  a  finding  would  suggest  that  the 
influence  of  the  enzyme,  if  any,  might  be  determined  by  the  local  environment. 

MATERIALS  AND  METHODS 

Freshly  extracted  teeth  were  placed  in  sterile  containers,  and  samples  of  calculus  and 
carious  dentin  were  removed  within  1-2  hours  from  the  time  of  extraction.  The  calcu¬ 
lus  was  removed  with  a  sterile  scaler  and  placed  in  1  ml.  of  sterile  0.85  per  cent  saline. 
Using  successive  sterile  excavators,  carious  dentin  from  the  depth  of  cavities  was 
removed  and  placed  in  saline  as  described.  The  dentin  and  calculus  were  then  crushed, 
and  0.1  ml.  of  the  resulting  suspensions  was  used  to  inoculate  250-ml.  flasks  containing 
100  ml.  of  a  culture  medium  with  the  following  composition:  brain-heart  infusion,* 
18:5  gm.;  thioglycollate  medium,*  12  gm.;  yeast  extract, t  1  gm.;  distilled  water  1,000 
ml.  The  pH  of  the  medium  was  adjusted  to  7.2  with  iV/10  sodium  hydroxide,  and  the 
medium  was  sterilized  by  autoclaving  for  15  minutes  at  125°  C.  The  flasks  were  incu¬ 
bated  at  37°  C.  for  48  hours  in  air. 

Following  incubation,  the  resultant  growth  was  harvested  by  centrifuging  at  1,500  g. 
for  10  minutes.  It  was  then  resuspended  in  sterile  normal  saline  and  diluted  to  0.7 
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optial  density  in  a  colorimeter,*  set  at  a  wave  length  of  450  mju,,  and  adjusted  to  zero 
with  a  blank  control  of  saline,  in  a  3^  X  |-inch  test  tube. 

In  order  to  test  the  validity  of  using  standard  optical  density  as  a  method  for  com¬ 
paring  the  different  cultures  in  this  study,  duplicate  pour  plates  were  prepared  with  the 
fluid  medium  described,  solidified  with  1.5  per  cent  agar,  and  dilutions  of  the  standard¬ 
ized  cell  suspensions  as  inoculum.  The  plates  were  incubated  for  48  hours  in  air,  and 
the  resultant  colonies  counted.  From  this  each  standardized  suspension  was  found  to 
contain  approximately  10®  cells/ml,  and  this  was  uniform  over  five  separate  counts 
from  each  series. 

The  substrate  used  was  />-nitrophenyl  phosphate  disodium.t  0.4  ml.  of  M/100 
aqueous  solution  of  the  substrate  was  dispensed  into  standardized  tubes  containing  5.6 
ml.  of  a  series  of  M/10  maleic  acid  buffers  ranging  in  pH  from  3.5  to  7.5.  In  addition 
to  maleic  acid  buffer,  M/10  glycine  buffers  in  the  pH  range  8-10  and  M/10  barbitone 
buffers  in  the  pH  range  7.5-10  were  also  used.  One  ml.  of  the  standardized  cell  suspen¬ 
sion  was  added  to  the  tubes,  which  were  then  incubated  in  a  water  bath  for  1  hour  at 
37°  C.  Controls  consisted  of  cell  suspension  without  substrate  and  substrate  in  buffer 
without  cells.  Following  incubation,  3  ml.  of  N/10  sodium  hydroxide  was  added  to 
each  tube  to  stop  the  reaction  and  to  develop  the  yellow  color  of  the  ^-nitrophenol  liber¬ 
ated.  The  test  and  control  tubes  were  centrifuged  at  1,500  g.  for  10  minutes  to  precipi¬ 
tate  the  cells.  The  optical  density  of  the  test  solutions  was  then  determined  against  the 
buffer-cell  suspension  control,  using  a  621  Ilford  filter,  thus  estimating  the  optical  den¬ 
sity  of  the  />-nitrophenol  liberated.  The  amount  of  ^nitrophenol  liberated  in  substrate- 
buffer  control  was  negligible. 

p-Nitrc^henol  expressed  as  /imoles  was  then  determined  by  extrapolation  from  a 
standard  curve,  constructed  by  determining  the  optical  density  of  various  concentra¬ 
tions  of  p-nitrophenol  in  N/10  sodium  hydroxide. 

Finally,  sodium  fluoride  in  appropriate  concentrations  was  added  to  the  test  system 
to  determine  the  effect  of  fluoride  on  enzyme  activity. 

RESULTS 

Gram-stained  smears  of  the  saline  suspensions  revealed  many  Gram-positive  and 
Gram-negative  morphologic  types,  indicating  that  a  mixed  flora  was  cultivated  from 
each  source,  though  no  gross  difference  was  observed  in  smears  prepared  from  cultures 
of  either  calculus  or  carious  dentin.  However,  the  cultures  of  calculus  invariably  had  a 
much  more  pungent  odor  than  the  cultures  from  carious  dentin. 

The  phosphatase  activity  found  in  the  micro-organisms  from  either  source  was  simi¬ 
lar  in  thirty  experiments,  both  in  amount  and  in  pH  range;  the  results  of  typical  ex¬ 
periments  are  presented.  Since  p-nitrophenyl  phosphate  disodium  is  a  phosphomono- 
ester,  the  enzyme  is  classed  as  phosphomonoesterase. 

Enzyme  activity  is  usually  critically  dependent  on  pH.  This  was  observed  to  be  the 
case  in  the  phosphatase  from  the  micro-organisms  in  this  study.  Two  peaks  of  activity 
were  observed,  one  at  pH  5.5,  and  the  other  at  pH  8.5  (Fig.  1).  No  single  buffer  can 
be  used  to  cover  a  large  pH  range;  glycine  and  barbitone  buffers  were  therefore  used 
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in  the  higher  pH  range,  and  both  gave  a  peak  at  pH  8.5.  The  activity  at  pH  5.5  was 
approximately  3.5  times  that  at  pH  8.5,  and  subsequent  studies  were  performed  at 
pH  5.5. 

The  activity  of  the  enzyme  at  pH  5.5  in  maleic  acid  buffer  in  relation  to  concen¬ 
tration  of  substrate  was  analyzed  according  to  the  method  of  Lineweaver  and  Burk.® 
Various  substrate  concentrations  were  used  to  compute  the  velocity  as  a  curvilinear 
function  of  substrate  concentration  (Fig.  2).  The  results  were  also  used  to  compute 
the  ratio  of  substrate  to  velocity  as  a  function  of  substrate  (Fig.  3).  The  Michaelis 


constant  was  calculated  and  found  to  be  0.0002  M.  The  maximal  velocity  was  also 
calculated  in  the  present  study  and  found  to  be  1 1  /xmoles  per  hour.  In  the  interests 
of  economy,  0.4  ml.  of  M/100  substrate  was  used  in  each  test  and  gave  82  per  cent 
of  the  maximal  velocity. 

The  enzymatic  hydrolysis  of  the  substrate  was  found  to  be  a  linear  function  of  time 
(Fig.  4).  Some  of  the  points  depart  from  linearity;  this  may  be  due  to  two  reasons, 
namely,  that  the  enzyme  was  not  saturated  or  that  the  enzyme  source  was  relatively 
crude. 

The  effect  on  enzyme  activity  of  using  various  dilutions  of  cells  is  shown  in  Figure  5. 
In  order  to  provide  an  estimate  of  the  number  of  cells  contained  in  each  dilution  of 
the  test  system,  pour  plates  were  prepared,  using  the  most  dilute  in  the  series  as 
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inoculum;  this  dilution  was  equivalent  to  one-tenth  the  original  undiluted  suspension. 
The  hydrolysis  in  relation  to  the  relative  cell  concentration  was  found  to  be  a  linear 
function.  This  can  be  taken  as  reflecting  the  enzyme  concentrations,  as  this  is  the 
expected  relationship. 

Sodium  fluoride  in  a  concentration  of  10~®  or  10“^  M  did  not  affect  the  rate  of 
hydrolysis  appreciably,  but  1(H  M  caused  30  per  cent  inhibition  and  IQ"*  M  90 
per  cent  inhibition  (Fig.  6). 


SUBSTRATE  CONCENTRATION 

Fig.  2. — The  effect  of  substrate  concentration  expressed  as  fi  mole,  on  enzymatic  velocity  measured 
as  n  moles  of  ^-nitrophenol  liberated  per  60  minutes. 


Fig.  3. — Ratio  of  substrate  to  velocity  as  function  of  substrate.  This  figure  used  to  calculate  maxi¬ 
mum  velocity  and  Michaelis  constant. 
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DISCUSSION 

The  results  of  the  experiments  described  indicate  that  the  organisms  cultivated 
from  calculus  and  carious  dentin  have  phosphatase  activity  that  is  similar  in  quan¬ 
tity,  pH  optima,  sensitivity  to  fluoride,  and  Michaelis  constant.  The  Michaelis  constant 
was  found  to  be  0.0002  M,  which  is  similar  to  that  calculated  for  phosphatase  from 
Micrococcus  pyogencs^^  but  differs  from  that  of  bone  phosphatase — the  constant  for 


which  was  calculated  as  0.003  Any  suggestion  that  the  presence  of  bacterial 
phosphatase  can  be  accorded  significance  in  regard  to  the  deposition  of  calculus  must 
be  weighed  against  the  existence  of  the  similar  phosphatase  activity  found  in  organisms 
from  carious  dentin,  where  different  environmental  conditions  prevail.  It  is,  of  course, 
possible  that  phosphatase  concerned  in  calculus  formation  may  differ  from  the 
phosphomonoesterase  described  in  this  study. 

SUMMARY 

Micro-organisms  cultured  from  calculus  and  carious  dentin  demonstrated  a  similar 
phosphatase  activity  over  a  wide  pH  range  with  peaks  at  pH  5.5  and  8.5.  Sodium 
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fluoride  inhibited  enzyme  activity  in  concentrations  of  M.  Results  suggest 

that  microbial  phosphomonoesterase  is  not  specifically  concerned  in  calculus  formation. 

This  work  was  carried  out  during  the  tenure  of  a  Quintin  Hogg  Fellowship  in  the  Department  of 
Dental  Science  at  the  Royal  College  of  Surgeons.  I  am  grateful  to  Mr.  E.  B.  Brain  for  preparing  the 
illustrations. 
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Effect  of  Organic  Ions  on  Solubility  of  Enamel 
and  Dentin  in  Acid  Buffers 


THEODORE  A.  KOVLOURIDES*  and  MICHAEL  G.  BUONOCORE 
Eastman  Dental  Dispensary,  Rochester,  New  York 


Acid  decalcification  is  generally  accepted  as  a  major  factor  in  caries,  and  it  has  been 
usual  to  place  primary  responsibility  on  lactic  acid.  Analyses  of  plaques,  saliva, 
and  carious  material,  however,  have  revealed  the  existence  of  acids  other  than  lactic 
that  may  be  involved  in  the  dissolution  of  tooth  structure.*"*  These  acids,  resulting  from 
bacterial  fermentation  of  foods  or  ingested  in  the  diet,  may  be  present  in  varying 
amounts  and  combinations  from  one  person  to  another  and  in  a  given  person  from  one 
time  to  another.  At  any  given  acid  pH,  therefore,  plaques,  saliva,  and  carious  material 
may  be  considered  as  buffers  having  hydrogen  ion  common  to  a  number  of  anions  de¬ 
rived  from  different  organic  acids.  The  capacity  of  these  systems  to  dissolve  tooth 
structure  is  the  sum  of  the  effects  due  to  various  ionic  and  molecular  species  present 
therein.  Because  the  pH  of  such  systems  is  usually  not  below  4.5,  the  concentration  of 
hydrogen  ion  and  undissociated  acid  must  necessarily  be  small  relative  to  the  concen¬ 
tration  of  the  acid  anions.  Thus,  while  hydrogen  ion  and  undissociated  acid,  acting  as  a 
hydrogen  ion  donor,  are  important  in  decalcification,  the  contribution  of  the  anions  to 
this  process  cannot  be  ignored. 

There  are  a  number  of  in  vitro  studies  lending  support  to  the  idea  that  specific 
anions  may  influence  acid  decalcification  rates.  Johnston**"*^  has  reported  that  the 
solubilizing  properties  of  various  organic  acids  toward  calcium  phosphates  is  consider¬ 
ably  influenced  by  their  chemical  structure.  In  a  semiquantitative  study,  Osborn, 
Noriskin,  and  Staz*’  found  that  the  presence  of  organic  phosphates,  such  as  glycero¬ 
phosphate,  in  an  acid  medium  reduces  its  dissolving  capacity  for  tooth  substance. 
Buonocore  and  Sommer**  demonstrated  that  the  addition  of  aspartic  acid  to  several 
decalcifying  buffers  at  pH  4.0  resulted  in  a  marked  reduction  in  the  amount  of  enamel 
dissolved.  Jenkins*'*  recently  indicated  that  3-phosphoglyceric  acid  in  an  acid  medium 
may  reduce  its  ability  to  dissolve  calcium  phosphate. 

The  above  findings  suggest  that  the  dissolving  capacity  of  the  acidic  buffer  systems 
in  the  mouth,  for  tooth  structure,  may  depend  on  the  kind  or  types  of  acids  present 
therein.  This  may  have  direct  bearing  on  the  rate  of  initiation  and  spread  of  caries. 
Since  little  quantitative  work  had  been  done  to  investigate  the  effects  of  different  acids 
on  the  ability  of  a  buffered  decalcifying  medium  to  dissolve  enamel  and  dentin,  this 
research  was  undertaken. 
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Research,  National  Institutes  of  Health. 
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EXPERIMENTAL  METHODS 

A.  Preparation  oj  enamel  and  dentin  samples  and  buffer  solutions. — Powdered 
enamel  (120-200  mesh)  and  dentin  (80-120  mesh)  used  for  the  solubility  tests  were 
prepared  according  to  the  method  of  Manly  and  Hodge*'’  as  modified  by  Battistone  and 
Burnett.*^  Microscope  examination  showed  that  the  purity  of  the  enamel  and  dentin 
powders  was  above  97  per  cent.  All  acids  used  were  of  ACS  Reagent  grade  quality  and 
were  fluoride-free. 

To  determine  the  effect  of  the  presence  of  the  different  acids  in  a  decalcifying  buffer 
on  the  solubility  of  enamel  and  dentin,  the  following  procedure  was  used.  For  one 
series  of  tests  at  pH  3.S  and  4.5,  the  decalcifying  acid  chosen  was  formic,  which  is  the 
simplest  acid  obtainable  that  can  be  buffered  effectively  for  this  pH  range.  The  buffer, 
which  will  be  referred  to  as  the  “background  buffer,”  was  prepared  as  follows:  A  quan¬ 
tity  of  formic  acid  sufficient  to  produce  a  0.10  M  concentration  in  1,000  cc.  of  solution 
was  weighed,  dissolved  in  850  cc.  of  water,  titrated  with  standardized  sodium  hydroxide 
to  the  required  pH,  and  then  made  up  to  a  liter  volume.  The  pH  was  then  rechecked 
and  corrections  made  as  required.  To  make  the  mixed  buffer,  which  consisted  of  the 
background  acid  plus  the  acid  to  be  tested,  the  same  procedure  was  followed,  with  the 
exception  that  the  test  acid  was  added  in  sufficient  amount  to  produce  a  0.01  M  final 
concentration  prior  to  titration  to  the  required  pH. 

In  additional  tests  at  different  pH  levels,  other  acids  offering  better  buffering  capaci¬ 
ties  were  used  to  prepare  the  background  buffers.  For  instance,  for  certain  tests  done  at 
pH  2.6,  0.10  M  maleic  acid  was  used,  and  at  pH  5.5  and  6.0,  0.10  M  acetic  acid  was 
employed.  The  test  acids  were  added  to  these  background  buffers  as  previously  de¬ 
scribed. 

It  is  apparent  that  in  the  titration  to  the  desired  pH  values,  greater  amounts  of  base 
would  be  required  in  the  presence  of  the  added  acids,  particularly  with  the  stronger 
!  acids,  such  as  maleic,  citric,  tricarballylic,  and  fumaric,  where  conversion  to  di-  and 
trivalent  anions  occurs.  The  additional  sodium  and  acid  anions  thus  introduced  into 
these  systems  increased  the  total  ionic  strength  of  some  of  the  mixed  buffers  consider- 
i  ably  above  that  of  the  background  buffer  at  the  same  pH.  In  addition,  since  the  added 
test  acids  are  completely  neutralized,  the  total  amount  of  undissociated  acid  present  in 
the  mixed  buffers  compared  with  the  background  buffer  was  also  increased,  although 
I  certainly  by  less  than  0.01  M  in  any  case.  An  assessment  of  the  effect  of  increasing 

^  ionic  strength  and  buffer  concentration  due  to  the  added  acid  on  enamel  and  dentin 

solubility  has  previously  been  studied  and  reported  by  Koulourides.*®  For  the  buffer 
^  systems  used  in  the  present  study  the  effect  of  these  factors  is  not  significant. 

Essentially,  the  mixed  buffers  consist  of  a  relatively  large  concentration  of  undisso¬ 
ciated  background  acid  and  anions  derived  from  it  and  a  considerably  smaller  concen¬ 
tration  of  undissociated  test  acid  and  anions.  Differences  between  the  solubility  of 
enamel  and  dentin  in  the  background  buffer  and  the  solubility  in  the  mixed  buffer  will 
be  a  measure  of  the  effect  of  the  presence  of  the  anions  of  the  test  acid  on  the  solubility 

^  process.  Hereafter,  in  this  report,  the  term  “ion”  will  be  used  in  place  of  “anion”  to 

include  the  dissociation  products  of  certain  dibasic  amino  acids  used  in  this  study. 

B.  Decalcification  procedure. — The  decalcification  was  carried  out  by  shaking  50 
[  mg.  of  120-200-mesh  enamel  or  68  mg.  of  80-120-mesh  dentin  with  100  cc.  of  the 


A 
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various  buffers  for  15  minutes  in  12S-cc.  capacity  flasks*  mounted  on  a  wrist-action 
shaking  machine.f  Decalcification  temperatures  were  25°  ±  1°C.  The  above  sample 
weights  of  enamel  and  dentin  represent  nearly  equal  amounts  of  calcium  plus  phos¬ 
phorus.  Following  shaking,  the  contents  of  the  flasks  were  filtered  under  vacuum 
through  Selas  filtering  crucibles  of  5  /i  maximum  pore  diameter.  The  filtrates  were 
analyzed  in  the  majority  of  cases  for  both  calcium  and  phosphorus  as  previously  de¬ 
scribed.^®  In  other  instances,  only  one  of  these  was  estimated.  At  least  duplicate  runs 

TABLE  1 


Effect  of  Addition  of  Organic  Ions  (0.01  M)  to  pH  3.5  Formate  Buffer 
(0.10  M)  on  Solubility  Rates  of  50  Mg.  of  120-200-Mesh 
Enamel  (Reaction  Time,  15  Minutes) 


Acids 

Calcium 

Dissolved 

Phosprobus 

Dissolved 

Ca/P 

Peb  Cent 
SoLUBIUTY 

Change 

Background  Buffer,  Formic  Acid 

Formic . 

13.4 

6.27 

2.14 

Formic . 

13.4 

6.30 

2.13 

Acetic . 

13.5 

6.30 

2.14 

Lactic . 

12.9 

6.35 

2.03 

-  2.1 

Glycine . 

13.3 

6.26 

2.12 

Mandelic . 

13.1 

6.60 

1.99 

-  0.2 

Malonic . 

13.5 

6.36 

2.12 

-1-  0  9 

Fumaric . 

13.5 

6.60 

2  05 

-f  2.2 

Maleic . 

13.3 

6.48 

2.05 

+  0.6 

Succinic . 

13.2 

6.60 

2.00 

-f-  0.7 

Malic . 

12.0 

5.86 

2.05 

-  9.2 

Aspartic . 

11.1 

5.15 

2.16 

-17.4 

Tartaric . 

4.90 

2.04 

-24.2 

Glutamic . 

13.3 

6.40 

2.08 

-1-  0.2 

Tricarb . 

12.6 

6.25 

2.02 

-  4.2 

Citric . 

9.6 

4.42 

2.17 

-28.7 

.Asparagine . 

13.2 

6.43 

2.05 

-  0.2 

Ornithine . 

12.8 

5.78 

2.21 

-  5.5 

Lysine . 

12.1 

5.75 

2.10 

-  9.3 

EDTA . 

10.6 

4.75 

2.23 

-22.0 

were  made  in  all  cases,  and  runs  which  did  not  check  within  5  per  cent  were  repeated. 
The  pH  changes  as  a  result  of  the  decalcifications  were  never  more  than  0.10  unit. 


RESULTS 

Table  1  and  Figure  1  show  the  solubility  of  enamel  measured  as  calcium  and  phos¬ 
phorus  found  in  the  filtrates  at  pH  3.5.  Although  the  ratios  of  the  calcium  and  phos¬ 
phorus  found  in  the  test  solutions  varied,  they  were  all  sufficiently  close  to  the  theoreti¬ 
cal  Ca/P  ratio  of  enamel  to  indicate  that  it  was  dissolving  stoichiometrically.  The 
acids  added  to  the  background  buffer  are  arranged  generally  in  order  of  increasing 
chain  length  and  substitution  by  polar  groups.  In  the  last  colunrn  are  listed  the  per- 

*  Erlenmeyer,  Will  Corp.,  Rochester,  New  York. 

t  Burrill  Corp.,  Pittsburgh,  Pennsylvania. 
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centage  changes  in  enamel  solubility  produced  by  the  addition  of  the  different  test 
acids  to  the  formic  acid  background  buffer.  In  calculating  percentage  solubility  changes, 
the  sums  of  the  calcium  and  phosphorus  values  were  used  when  available.  It  was  evi¬ 
dent  that  there  was  no  relationship  between  solubility  reduction  and  the  pK’s  of  the 
added  acids  In  going  from  acetic,  the  weakest  acid,  to  maleic  acid,  the  strongest,  the 
mixed  buffers  contained  increasing  amounts  of  the  ions  of  the  acids  added  and,  con¬ 
versely,  decreasing  amounts  of  undissociated  acid. 

The  addition  of  the  monobasic  acids — lactic,  acetic,  formic,  and  glycine — did  not 
affect  solubility.  Acetic  acid  and  glycine  have  pK’s  substantially  larger  than  formic 
and  consequently  exist  largely  as  undissociated  acids  in  the  buffer.  The  largest  solubil¬ 
ity  reduction  was  produced  by  the  addition  of  the  tribasic  citric  acid,  followed  by 
tartaric,  EDTA,  and  aspartic.  In  contrast  to  aspartic  acid,  the  homologue,  glutamic 
acid,  shows  no  effect,  as  does  asparagine,  the  amide  of  aspartic  acid. 


Fig.  1. — Effect  of  organic  ions  on  the  rate  of  enamel  dissolution 

The  effects  of  the  acids  succinic,  malic,  and  tartaric,  which  are  dibasic  and  contain 
4  carbon  chains,  are  interesting.  Succinic  produced  no  effect;  malic,  9.2  per  cent;  and 
tartaric,  24.2  per  cent  reduction  in  solubility.  In  this  group  of  acids,  a  direct  relation¬ 
ship  was  found  between  the  number  of  OH  groups  present  in  the  molecule  and  the  ex¬ 
tent  of  solubility  reduction.  The  importance  of  the  hydroxyl  group  is  also  evident  when 
one  compares  the  large  reduction  shown  by  citric  acid,  which  contains  this  group,  to 
the  small  reduction  obtained  by  tricarballylic  acid,  which  differs  from  citric  only  in 
that  the  hydroxyl  group  is  replaced  by  hydrogen. 

Lysine  and  ornithine  hydrochloride  were  used  to  compared  the  effects  of  basic  amino 
acids  on  solubility  with  the  effects  of  the  acidic  amino  acids,  aspartic  and  glutamic.  It 
is  noteworthy  that  lysine  hydrochloride  showed  a  9.3  per  cent  reduction,  whereas  the 
reduction  with  ornithine  HCl  is  5.5  per  cent.  In  this  instance,  the  amino  acid  with  the 
longest  carbon  chain  showed  the  larger  reduction,  which  is  the  reverse  of  the  situation 
with  aspartic  and  glutamic. 

Table  2  and  Figure  1  show  the  enamel  solubility  values  at  pH  4.5.  Outstanding  is 
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the  solubility  shown  in  the  EDTA  buffer.  In  sharp  contrast  to  the  reduction  observed 
in  this  buffer  at  pH  3.5,  the  enamel  solubility  at  pH  4.5  with  EDTA  is  increased  by 
almost  50  per  cent  over  that  shown  by  the  background  buffer.  Generally  the  effects  ob¬ 
served  at  pH  4.5  with  enamel  are  in  the  same  direction,  but  of  greater  magnitude,  than 
those  observed  at  pH  3.5.  Tartaric,  citric,  and  aspartic  at  pH  4.5  are  again  the  most 
potent  solubility  reducers.  The  group  succinic,  malic,  and  tartaric  maintains  the  same 
relationship  noted  at  pH  3.5.  The  fact  that  aspartic  has  a  stronger  effect  than  malic 
acid  indicates  that  substituting  an  amino  for  a  hydroxyl  group  enhances  the  solubility 


TABLE  2 


Effect  of  Addition  of  Organic  Ions  (0.01  M)  to  pH  4.5  Formate  Buffer 
(0.10  M)  ON  Solubility  Rates  of  50  Mg.  of  120-200-Mesh 
Enamel  (Reaction  Time,  15  Minutes) 


Actds 

Calcium 

Dissolved 

Phosphokus 

Dissolved 

Ca/P 

Per  Cent 

SOLUBIUTY 

Change 

1  Background  Buffer,  Formic  Acid 

Formic . 

4.95 

2.41 

2.05 

Formic . 

4.97 

2.40 

2.07 

+  0.1 

Acetic . 

4.95 

2.38 

2.08 

-  0  4 

Lactic . 

4.96 

2.43 

2.04 

-1-  0.3 

Glycine . 

4.53 

2.10 

2.16 

-  9.9 

Mandelic . 

4.45 

2.06 

2.16 

-11.5 

Malonic . 

4.70 

2.31 

2.04 

-  4.7 

Fumaric . 

5.12 

2.40 

2.13 

+  2.2 

Maleic . 

4.14 

2.25 

1.98 

-  9.1 

Succinic . 

4.50 

2.28 

1.98 

-  7.9 

Malic . 

3.82 

1.88 

2.03 

-22.9 

Aspartic . 

3.57 

1.73 

2  06 

-28.0 

Tartaric . 

3.18 

1.52 

2.09 

-36.1 

Glutamic . 

4.70 

2.24 

2.10 

-  5.4 

Tricarb . 

3.98 

1  91 

2.04 

-21.3 

Citric . 

3.06 

1.54 

1.99 

-37.5 

Asparagine . 

4.30 

2.10 

2.05 

-13.0 

Ornithine . 

3.75 

1.80 

2.07 

-24.6 

Lysine . 

3.47 

1.78 

1.96 

-28.6 

EDTA . 

7.47 

3.53 

2.12 

4-49.6 

reduction.  Tricarballylic  acid,  which  is  structurally  related  to  critic,  produces  a  rather 
substantial  reduction,  whereas  pH  3.5  it  had  only  a  small  reducing  effect.  The  reduc¬ 
tion  may  be  related  to  the  presence  of  larger  amounts  of  ions  containing  two  disso¬ 
ciated  carboxyl  groups  than  are  present  at  pH  3.5.  The  solubility  reduction  observed 
with  lysine  is  markedly  increased  over  its  effect  at  pH  3.5.  Ornithine,  which  showed  a 
small  effect  at  pH  3.5,  now  produces  a  24.6  per  cent  solubility  reduction. 

Acids  which  showed  little  or  no  effect  at  pH  3.5  but  which  demonstrated  small  reduc¬ 
tions  at  pH  4.5  are  glycine,  asparagine,  glutamic,  succinic,  mandelic,  malonic,  and 
maleic.  The  monobasic  acids,  acetic,  formic,  and  lactic,  are  again  essentially  without 
effect.  It  is  interesting  that  the  sterioisomers,  fumaric  and  maleic,  show  opposite  effects, 
the  former  increasing  solubility  and  the  latter  reducing  it. 
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In  Table  3  and  Figure  2  are  shown  the  effects  of  a  formic  acid  buffer  containing  dif¬ 
ferent  acid  ions  on  dentin  solubility  at  pH  3.5.  The  results  are  presented  largely  in 
terms  of  calcium  solubility,  as  it  had  been  previously  established  from  a  number  of 
preliminary  results  with  these  acids  at  pH  3.5  that  a  measure  of  the  calcium  dissolved 
was  a  reliable  indicator  of  solubility.  Nevertheless,  certain  randomly  selected  runs  were 

T.\BLE  3 


Effect  of  Addition  of  Organic  Ions  (0.01  M)  to  pH  3.5  Formate  Buffer 
(0.10  M)  ON  Solubility  Rates  of  68  Mg.  of  80-120-Mesh 
Dentin  (Reaction  Time,  15  Minute.s) 


Acids 

CALaUM 

Dissolved 

Prosphoevs 

Dissolved 

Ca.T* 

Pee  Cent 
SoLUBIUTY 
Change 

Background  Buffer,  Formic  Acid 

Formic . 

11.1 

Formic . 

11.2 

-  0.9 

.Acetic . 

11.1 

0.0 

Lactic . 

11.2 

-1-  0.9 

Glycine . 

11.6 

5.36 

2.16 

-1-  4.5 

Mandelic . 

11.5 

5.40 

2  14 

-t-  3.6 

11.2 

-t-  0.9 

Fumaric . 

11.8 

-1-  6.3 

Maleic . 

11.0 

-  0.9 

Succinic . 

11.6 

-1-  4.5 

Malic . 

10.9 

-  1.8 

.Aspartic . 

10.4 

-  6.3 

Tartaric . 

fe9.8 

4.48 

2.20 

-11.5 

Glutamic . 

11.3 

-1-  1.8 

11.2 

-f-  0.9 

Citric . 

9.6 

-13.5 

11.4 

‘-I-  2.7 

Ornithine . 

11.6 

5.62 

2.07 

-f-  4.5 

Lysine . 

11.5 

5.62 

2.04  • 

-f-  3.6 

EDTA . 

11.8 

5.48 

2.16 

+  6.3 

Fic.  2. — Effect  of  organic  ions  on  the  rate  of  dentin  dissolution 
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analyzed  for  both  calcium  and  phosphorus.  As  in  other  tests,  the  calcium-phosphorus 
ratios  in  these  runs  indicated  stoichiometric  dissolution. 

The  only  adds  which  produced  appreciable  reductions  in  solubility  were  tartaric  and 
citric.  Aspartic  acid  gives  only  a  small  reduction  in  dentin  solubility  compared  with  the 
substantial  reduction  it  gives  with  enamel.  Glutamic  acid  shows  no  effect.  With  a  major¬ 
ity  of  the  remaining  acids,  slight  increases  in  dentin  solubility  were  noted. 

Table  4  and  Figure  2  show  the  results  of  dentin  dissolution  at  pH  4.5.  The  effects  are 


TABLE  4 


Effect  of  Addition  of  Organic  Ions  (0.01  M)  to  pH  4.5  Formate  Buffer 
(0.10  M)  ON  Solubility  Rates  of  68  Mg.  of  80-120-Mesh 
Dentin  (Reaction  Time,  15  Minutes) 


Acids 

Calctum 

Dissolved 

Phosphouvs 

Dissolved 

Ca/P 

Per  Cent 

SOLUBIUTY 

Chance 

Background  Buffer 

5.95 

2.85 

Formic . 

5.95 

2.85 

2.08 

Acetic . 

5.72 

2.60 

2.15 

-  5.5 

Lactic . 

6.08 

2.81 

2.16 

Glycine . 

6.05 

2.75 

2.20 

Mandelic . 

5.67 

2.75 

2.06 

-  4.3 

Malonic . 

6.10 

2.96 

2.06 

-f-  3.0 

Fumaric . 

6.00 

2.68 

2.24 

-  1.4 

Maleic . 

5.98 

2.88 

2.08 

-f  0.7 

Succinic . 

6.07 

2.90 

2.10 

-1-  1.9 

Malic . 

5.72 

2.63 

2.17 

-  5.1 

Aspartic . 

6.05 

2.91 

2.08 

-f  1.8 

Tartaric . 

5.43 

2.51 

2.16 

-  9.8 

Glutamic . 

5.73 

2.62 

2.18 

-  5.1 

Tricarb . 

5.80 

2.88 

2.01 

-  1.4 

Citric . 

4.96 

2.31 

2.15 

-17.5 

-Asparagine . 

5.85 

2.71 

2.16 

-  2.7 

Ornithine . 

5.53 

2.59 

2.13 

-  7.7 

Lysine . 

5.60 

2.08 

2.09 

-  1.4 

EDTA . 

7.28 

3.44 

2.11 

-1-21.9 

essentially  in  the  same  direction  and  magnitude  as  those  found  at  pH  3.5,  with  the  ex¬ 
ception  of  EDTA,  where  dentin  solubility  is  increased  to  about  27  per  cent,  and  with 
citric  acid,  which  shows  a  larger  reduction  than  at  pH  3.5.  Aspartic  acid,  on  the  other 
hand,  now  produces  a  slight  increase  in  solubility  compared  with  pH  3.5.  On  the  whole, 
the  solubility  of  dentin  appears  to  be  much  less  influenced  by  the  composition  of  the 
buffer  than  enamel  at  both  pH  levels. 

The  results  with  enamel  and  dentin  at  pH  3.5  and  4.5  suggest  that  the  solubility¬ 
modifying  effects  of  the  ions  tested  are  a  function  of  the  pH  of  the  buffer  medium, 
which  in  turn  determines  their  charges.  Since  the  charge  of  the  ions  seems  to  be  impor¬ 
tant  in  determining  the  extent  and  direction  of  their  effects  on  solubility,  it  was  thought 
desirable  to  investigate  their  effects  at  lower  and  higher  pH  levels  than  those  previous¬ 
ly  used.  The  lowest  pH  (2.6)  was  chosen  only  for  EDTA,  citric,  and  tricarballylic 
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acids,  since  at  this  pH  level  the  monovalent  ion  concentrations  of  citric  and  tricar- 
ballylic  and  the  divalent  ions  concentration  of  EDTA  are  considerably  smaller  than  at 
pH  3.5.  This  makes  it  possible  to  determine  the  effect  on  solubility  of  the  presence  of 
smaller  concentrations  of  the  ions  of  these  acids  and  the  associated  larger  concentra¬ 
tions  of  undissociatcxl  uncharged  molecules.  For  the  tests  at  pH  2.6,  a  0.10  M  buffer  of 
maleic  acid  was  chosen  as  the  background  acid  because  it  forms  a  good  buffer  at  this 
pH.  In  addition,  succinic,  aspartic,  tartaric,  and  malic  acids  were  also  tested  at  pH  5.5 
and  6.0  in  acetate  buffer  to  determine  whether  reversals  of  behavior  such  as  evidenced 
by  EDTA  could  be  shown  for  these  acids. 

Table  5  and  Figures  3  and  4  show  the  effect  of  the  addition  of  different  acids  to 
buffers  of  maleic  (pH  2.6),  formic  (pH  3.5  and  4.5),  and  acetic  (pH  5.5  and  6.0).  The 
results  with  the  formic  acid  buffers,  which  were  presented  previously  in  Tables  1  and  3, 
are  also  included  here,  so  that  the  effects  over  the  whole  pH  range  can  be  compared. 

TABLE  5 

Effect  of  Addition  of  Organic  Ion  (0.01  M)  to  Different  Background  Buffers  (0.1  M) 
AT  Several  pH  Levels  on  Solubelity  Rates  of  50  Mg.  of  200-Mesh 
Enamel  (Reaction  Time  15  Minutes) 


Backgbound  Bumms 


Aans  Added 

Maleic,  pH  2.6 

Formic,  pH  3.5 

Formic,  pH  4.5 

Acetic,  pH  5.5 

Acetic,  pH  6.0 

Ca 

P 

H 

Ca 

p 

% 

Ca 

P 

% 

Ca 

p 

m 

Ca 

P 

% 

(Mr. 

(Mr. 

(Mr. 

(Mr. 

Sol. 

(Mr. 

(Mg. 

Sol. 

(Mr. 

(Mr. 

(Mg. 

(Mg. 

Sol. 

Diss.) 

Diss.) 

Diss.) 

Diss.) 

CbanRC 

Diss.) 

Diss.) 

Change 

Diss.) 

Diss.) 

Diss.) 

Diss.) 

Change 

16  1 

7.75 

..... 

13.4 

6  27 

4.95 

2.41 

1  42 

0.67 

0  70 

0  33 

Tricarb . 

16.2 

7  80 

EaCK 

12  6 

6  25 

-  4.2 

3.88 

1  91 

-21  3 

niii 

0  52 

-22.5 

0  61 

0  27 

-14  5 

Citric . 

15  8 

7.60 

-  19 

9.6 

4.42 

-28.7 

3.06 

1.54 

-37.5 

1  85 

0  80 

+26  8 

0.97 

0  46 

+38.7 

1.1  2 

MWtml 

4  50 

2  28 

—  7  9 

1.35 

0  65 

—  4.3 

Malic . 

—  9  2 

3  82 

1  88 

—  22  ^ 

1  17 

0  55 

—  17  7 

0  59 

0  30 

-13.6 

Mrfn 

—  24  2 

3.18 

1  52 

0  53 

EDTA . 

13.1 

6  38 

—  18  4 

4.75 

7  47 

3  53 

+49  4 

2  61 

RTTiVr 

Aspartic .... 

11.1 

5.15 

-17.4 

3.57 

1.73 

-28  0 

-28  7 

0  65 

0  31 

-  6  8 

It  is  important  not  to  make  strict  comparisons  with  respect  to  the  magnitude  of  the 
effects  obtained  in  different  buffers.  For  instance,  the  addition  of  some  acids  to  formate 
and  acetate  buffers  at  pH  4.5  may  not  affect  solubility  to  the  same  extent.  That  this  is 
so  is  shown  in  Table  6.  In  this  table  the  effect  of  the  addition  of  citric  and  tricarballylic 
acids  to  formate  and  acetate  buffers  reveals  that,  although  the  effects  are  in  the  same 
direction  and  relative  order,  they  nevertheless  differ  in  magnitude.  On  the  basis  of 
exploratory  work,  not  reported  herein,  it  was  found  that  with  other  background  buffers, 
such  as  lactate,  patterns  similar  to  those  observed  in  acetate  and  formate  buffers  were 
obtained.  Therefore,  in  commenting  on  Table  5,  comparisons  of  effects  at  different  pH 
levels  will  be  made  only  when  the  same  background  acid  is  used.  In  graphing  the 
results  of  Table  5  (Figs.  3  and  4),  however,  the  solubility  values  obtained  in  buffers  of 
different  acids  have,  nevertheless,  been  linked.  If  the  foregoing  comments  are  kept  in 
mind,  misinterpretations  of  the  graph  will  be  avoided. 

To  bring  out  the  influence  of  structure  on  the  effects  observed,  the  acids  have  been 
arranged  according  to  groups  in  Table  5:  (1)  citric  and  tricarballylic,  (2)  succinic, 
malic,  and  tartaric,  (3)  aspartic  and  EDTA.  It  is  noticed  that,  at  pH  2.6,  citric  acid, 
like  tricarballylic,  loses  its  capacity  to  reduce  enamel  solubility.  At  pH  5.5,  citric  acid 


Fig.  4. — Influence  of  pH  on  the  effects  of  organic  ions  on  enamel  dissolution  rates 
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increases  the  solubility  of  enamel,  completely  reversing  the  effect  it  shows  at  pH  4.5. 
At  pH  6.0,  the  solubility-enhancing  effect  is  more  pronounced  (38.7  per  cent).  The  en¬ 
hancing  effect  is  probably  due  to  complexing  of  calcium  in  solution  by  citrate  ions.  The 
graph  of  tricarballylic  solubility  appears  to  reverse  its  direction  between  pH  5.5  and 
6.0,  although  it  is  still  reducing  enamel  solubility  ( 14.5  per  cent)  even  at  the  latter  pH. 
On  the  basis  of  the  results  at  pH  6.0,  it  is  interesting  to  note  that  the  substitution  of 
citric  for  tricarballylic  in  an  acetate  buffer  would  result  in  a  53  per  cent  increase  in  the 
enamel  solubility  rate.  The  possibility  that  precipitation  of  an  insoluble  calcium  tri- 
carballylate  might  be  responsible  for  the  reduction  observed  was  discounted  for  two 
reasons.  The  first  is  that  the  Ca/P  ratios  of  the  filtrates  were  within  the  theoretical 
range  for  enamel.  The  second  is  that  tests  indicated  that  calcium  tricarballylate  does 

TABLE  6 

Comparison  of  Effect  of  Organic  Ion  Addition  to  pH  4.5  Formate  and 
Acetate  Buffers  on  Solubility  of  50  Mg.  of  200-Mesh 
Enamel  (Reaction  Time,  15  Minutes) 


pH  4.5,  Background  Buffers 


Acids  Added 

Acetic 

Formic 

Ca 

P 

%  Sol. 
Change 

Ca 

P 

%  Sol. 
Change 

4.83 

2.42 

4.95 

2.41 

Tricarb . 

4.03 

2.01 

-16.6 

3.88 

1.91 

-21.3 

Citric . 

3.69 

1.75 

-25.0 

3.06 

1.54 

-37.5 

not  precipitate  at  pH  6.0,  even  at  concentrations  of  acid  ten  times  that  used  in  the 
tests. 

The  results  with  succinic,  malic,  and  tartaric  at  pH  5.5  substantiate  the  relationship 
observed  among  these  acids  at  pH  3.5  and  4.5.  Again,  the  progressive  introduction  of 
hydroxy  groups  to  succinic  produces  ions  showing  greater  solubility-reducing  effects. 
The  precipitation  of  insoluble  calcium  salts  of  succinic,  malic,  and  tartaric  acid  at  pH 
5.5,  to  give  low  calcium  values,  was  discounted  for  the  reasons  presented  for  tricar¬ 
ballylic  acid. 

At  pH  6.0  the  results  for  EDTA,  succinic,  and  tartaric  acids  are  not  presented  be¬ 
cause,  with  EDTA,  further  increases  were  to  be  expected  and,  with  succinic  and  tartaric 
acids,  difficulty  in  getting  consistent  results  was  experienced.  Between  pH  5.5  and  6.0, 
both  malic  and  aspartic  acids  show  a  change  in  the  direction  of  their  effect  on  enamel 
solubility,  although  both  continue  to  reduce  solubility.  Their  smaller  solubility  reduc¬ 
tions  at  pH  6.0,  compared  with  pH  5.5,  may  indicate  a  change  in  the  balance  between 
ion  types  which  increase  solubility  and  others  which  reduce  it.  At  pH  6.0,  malic  and 
tricarballylic  acids  have  similar  effects.  This  suggests  that  the  presence  of  anions  con¬ 
taining  three  dissociated  carboxyl  groups  are  equivalent  in  effect  to  ions  having  only 
two  such  groups  and  a  hydroxy  group. 
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DISCUSSION 

The  addition  of  different  acid  ions  to  decalcifying  buffers  can  both  increase  and  de¬ 
crease  the  solubility  of  enamel  and  dentin.  Moreover,  depending  on  the  pH,  the  addi¬ 
tion  of  the  same  acid  can  cause  opposite  effects.  The  small  increases  in  solubility  ob¬ 
served  could  be  expected  as  a  result  of  the  increased  ionic  strength  and/or  buffer  con¬ 
centrations  of  the  mixed  buffer  due  to  the  added  acid.  The  observed  greater  sensitivity 
of  dentin  compared  with  enamel  in  this  regard  is  consistent  with  previous  data  of 
Koulourides.^®  The  large  increases,  such  as  evidenced  by  EDTA  and  citric  acid  at  cer¬ 
tain  pH  levels,  cannot  be  accounted  for  on  the  same  basis.  The  large  solubility  in¬ 
creases  are  probably  due  to  certain  complexing  abilities  of  the  acid  ions.  Complexing  in 
solution  is,  of  course,  capable  of  increasing  the  solubility  of  difficult  soluble  salts  by 
combining  with  its  cations  to  form  soluble,  relatively  undissociated  complexes,  thus 
effectively  removing  cations  from  solutions  to  reduce  common  ion  effects  which  tend  to 
retard  dissolution  rates.^  That  EDTA  produces  its  solubility  increase  at  a  lower  pH 
than  citric  indicates  that  it  is  converted  sooner  to  an  ion  form  which  is  able  to  complex 
calcium  in  solution.  This  increase  is  probably  the  result  of  the  complexing  of  calcium 
in  solution  by  trivalent  ions  of  EDTA  which  exist  at  this  pH  but  which  are  virtually 
absent  at  pH  3.5,  where  reduction  in  solubility  was  observed.  The  marked  solubility- 
increasing  effect  of  EDTA  as  pH  rises  is  associated  with  increases  in  the  numbers  of 
ions  able  to  form  soluble  calcium  complexes.  That  the  presence  of  the  hydroxy  group 
in  citric  acid  is  important  for  such  complexing  is  evidenced  by  the  fact  that  tricarbal- 
lylic  acid,  which  lacks  this  group,  does  not  increase  solubility  even  at  pH  6.0.  Although 
the  solubility  increases  observed  are  interesting,  the  reductions  observed  in  this  study 
have  greater  interest,  since,  as  far  as  we  know,  general  effects  of  this  sort  have  not  been 
previously  reported. 

The  reductions  in  solubility  appear  to  be  related  to  structural  characteristics  of  the 
ions  of  the  acids  used.  The  presence  of  the  ions  of  the  monocarboxylic  acids,  such  as 
acetate  and  formate,  having  no  polar  groups  other  than  carboxyl  in  their  structure,  do 
not  produce  reductions.  The  ions  of  the  dicarboxylic  acids — maleic,  malonic,  and  suc¬ 
cinic — having  no  other  polar  groups  show  only  small  effects,  and  these  only  at  the 
higher  pH  levels  used  in  the  tests.  The  ions  of  tricarboxylic  acids  produce  substantial 
reductions  except  at  pH  2.6,  where  no  reductions  are  evident.  Since  our  titration  data 
show  that,  at  pH  2.6,  roughly  25  per  cent  of  the  citric  and  tricarballylic  acids  are  con¬ 
verted  to  the  monovalent  form,  it  may  be  inferred  that  the  presence  of  the  monovalent 
ions  with  or  without  a  hydroxyl  group  do  not  significantly  alter  the  dissolution  pattern 
of  the  background  buffer.  Some  clarification  is  needed,  however,  of  the  finding  that  in 
the  presence  of  monovalent  citrate  ions  there  is  little  solubility  reduction  at  pH  2.6  but 
a  rather  substantial  effect  at  pH  3.5.  In  explanation,  two  factors  can  be  considered.  One 
is  that  at  pH  2.6  the  acid  attack  is  so  strong  that  any  tendency  for  the  citrate  ions  to 
repress  solubility  is  overwhelmed.  The  other  is  that  at  pH  2.6  there  are  considerably 
smaller  amounts  of  the  ions  than  at  pH  3.5  and  that  they  are  present  in  a  decidedly 
stronger  acid  medium.  Consequently,  acid  ion  effects  tending  to  reduce  solubility  may 
be  masked  at  pH  2.6  but  not  at  pH  3.5.  The  importance  of  the  hydroxyl  group  in  ob¬ 
taining  reductions  is  shown  with  the  group  succinic,  malic,  and  tartaric,  where  the  ex¬ 
tent  of  reduction  is  directly  related  to  the  number  of  OH  groups  present  in  the  ions. 
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From  the  results  at  pH  3.5  it  appears  that,  with  the  exception  of  lysine,  acids  pro¬ 
ducing  substantial  reductions  exist  principally  as  monovalent  ions  having  both 
hydroxyl  and  undissociated  carboxyl  groups  in  their  structure  or  are  present  in  large 
proportions  as  ions  having  two  dissociated  carboxyl  groups  and  an  amino  group — for 
instance,  EDTA  and  aspartate  ions.  The  increased  solubility  reductions  observed  at 
pH  4.5,  as  compared  with  pH  3.5,  are  associated  with  either  the  appearance  of,  or  an 
increase  in  the  amount  of,  such  ions  in  the  buffers.  The  exceptions  are  mandelic,  which 
is  monobasic,  and  succinic,  which  is  essentially  monovalent  at  pH  4.5.  Again,  the  fact 
must  be  considered  that  the  specific  anion  effects  tending  to  reduce  solubility  are  mani¬ 
fest  to  a  greater  extent  at  pH  4.5  because  the  acid  attack  is  much  weaker  than  at  pH 
3.5.  That  divalent  ions  with  polar  groups  have  the  strongest  capacity  to  repress  dissolu¬ 
tion  is  supported  by  the  significant  reduction  observed  with  EDTA,  which  exists  in 
part  as  divalent  ion  at  pH  2.6. 

The  reductions  observed  with  lysine  and  ornithine,  however,  are  produced  by  polyva¬ 
lent  ions  of  different  net  charge  than  the  others.  At  pH  3.5,  lysine  and  ornithine  each 
exist  in  solutions  predominantly  as  mixtures  of  ions  of  two  forms,  one  in  greater 
amount,  having  two  positively  charged  amino  groups  and  one  negatively  charged  car¬ 
boxyl  group,  the  other  having  two  positively  charged  amino  groups  and  an  undisso¬ 
ciated  carboxyl  group.  The  former  is,  therefore,  a  trivalent  ion  of  a  net  positive  charge 
of  1;  the  latter  may  be  considered  an  undissociated  acid  having  a  double  positive 
charge.  The  trivalent  ions  of  these  acids  differ  from  those  of  aspartic  and  glutamic  in 
that  the  latter  have  a  net  negative  charge  of  1.  The  dissociation  of  these  acids  as  pH 
increases  is  shown  below.  The  dissociation  of  glutamic  acid  and  ornithine  proceeds  in 
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a  manner  similar  to  that  of  aspartic  acid  and  lysine,  respectively.  The  larger  reductions 
obtained  at  pH  4.5  may  be  related  both  to  the  presence  of  larger  amounts  of  the  triply 
charged  ions  than  at  pH  3.5  and  to  the  less  intense  acid  attack.  The  fact  that  marked 
reductions  of  the  same  magnitude  are  obtained  with  trivalent  ions,  such  as  aspartate, 
having  a  net  unit  negative  charge  and  ions  from  lysine  and  ornithine  having  a  net  unit 
positive  charge  suggests  that  the  nature  of  the  charge  may  not  be  as  important  as  the 
presence  of  multiple  charges  on  the  ions. 
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With  respect  to  glutamic  acid,  the  lack  of  solubility  reduction  is  rather  surprising  in 
view  of  the  strong  reducing  effect  observed  with  aspartic  acid.  These  acids  are  similar 
in  strength  and  structure,  differing  only  by  an  additional  CH2  group  between  the  amino 
and  the  secondary  carboxyl  group  in  glutamic  acid.  Their  solutions  consist  of  divalent 
ions,  with  the  secondary  carboxyl  undissociated  and  trivalent  ions  representing  the 
form  in  which  the  second  carboxyl  is  dissociated.  The  proportion  of  each  ionic  species 
in  both  buffers  is  of  the  same  order.  It  is  difficult  to  explain  the  marked  difference  in  the 
solubility-reducing  effects  of  aspartic  and  glutamic  acids  unless  one  considers  that  the 
longer  carbon  chain  length  in  the  glutamate  ion  may  prevent  steriochemical  effects  ob¬ 
tainable  with  aspartate  ion  which  retard  the  dissolution  of  enamel.  It  is  noteworthy 
that  the  longer  carbon  chain  length  of  glutamic  acid  has  been  considered  responsible 
for  the  fact  that  it  is  a  weaker  calcium  chelator  than  aspartic  acid  at  alkaline  levels.^^ 
In  addition,  some  workers  have  noted  that  the  conversion  of  one  of  the  carboxyl  groups 
of  aspartic  and  glutamic  acids  to  the  amide  produces  a  molecule  showing  weaker  chelat¬ 
ing  properties  than  the  parent  substance.^^  It  is  evident  from  the  lack  of  effect  of 
asparagine  on  solubility  that  the  effect  observed  with  aspartic  acid  is  related  to  the 
presence  of  two  dissociated  carboxyl  groups. 

Another  structural  consideration  is  revealed  in  comparing  the  effects  of  maleic  and 
fumaric  acids,  where  only  the  cis  form  produced  a  reduction  in  solubility. 

In  general,  concerning  structural  characteristics,  it  may  be  said  that  the  capacity  to 
reduce  solubility  at  certain  pH  levels  is  shown  by  molecules  having  structural  elements 
favorable  for  the  complexing  of  calcium  in  solution  at  other  pH  levels  to  cause  an  in¬ 
crease  in  dissolution.  The  pH  at  which  they  reach  this  latter  stage  is  related  to  the 
pK’s  of  the  carboxyl  groups  involved  in  this  complexing.  The  persistence  of  the  reduc¬ 
ing  effect  of  aspartic,  tricarballylic,  and  malic  up  to  pH  6.0  suggests  that  the  ions  are 
not  yet  converted  to  a  form  suitable  for  complexing  calcium  in  solution.  For  instance, 
with  aspartic  acid,  this  might  occur  at  a  pH  where  the  positively  charged  amino  group 
lost  its  proton. 

The  differences  in  solubility  behavior  of  enamel  and  dentin  may  be  related  to  the 
type  of  surface  that  each  presents  to  the  decalcifying  medium.  The  possibility  has 
previously  been  suggested  that  the  ions  which  demonstrate  reduction  with  enamel  may, 
by  reason  of  polar  groups,  molecular  size,  charge,  or  a  combination  of  these  factors, 
concentrate  at  or  near  the  surface  of  the  enamel  particles,  forming  a  sort  of  ionic  shell 
or  perhaps  surface-bound  complexes  which  serve  to  retard  the  action  of  hydrogen  ion 
and  additionally  retard  the  diffusion  of  dissolution  products  to  the  surrounding  bulk 
solution.^®  Evidence  for  the  firm  binding  of  a  citrate  complex  to  apatite  crystals  of  bone 
under  acid  conditions  has  recently  been  reported  by  Taylor 

The  absence  of  a  reduction  with  dentin  may  be  related  to  its  organic  matter,  which 
completely  surrounds  the  apatite  crystallites  and,  by  its  presence,  may  retard  the  dif¬ 
fusion  of  certain  ions  in  the  buffer  to  the  crystallite  surfaces.  It  may  be  postulated, 
therefore,  that  certain  ions,  because  of  large  charge  or  size,  are  less  able  to  diffuse  than 
others.  In  fact,  some  ions  may  be  completely  blocked,  while  others  are  only  partially 
so;  consequently,  their  “protective  action”  is  entirely  absent  or  considerably  reduced. 
The  contrasting  effects  on  dentin  and  enamel  observed  with  EDTA  and  lysine  may  be 
related  to  the  fact  that  their  ions  are  polyvalent,  whereas  the  ions  of  citric  and  tartaric, 
which  show  a  solubility-reducing  effect  with  tooth  tissues,  are  monovalent.  On  this 


Vol.  -W,  No.  3 


ORGANIC  IONS  AND  SOLUBIUTY  OF  ENAMEL  591 


basis,  the  demonstration  of  a  reduction  in  dentin  solubility  with  citric  and  tartaric  acids 
may  be  explained  by  postulating  that  their  ions  are  able  to  diffuse  more  readily  than 
the  ions  of  EDTA  and  lysine,  which  are  larger  and  multicharged.  The  smaller  reduc¬ 
tion  in  dentin  solubility  as  compared  with  enamel  produced  by  the  addition  of  citrate 
and  tartrate  to  the  formate  buffer  may  be  considered  as  the  difference  between  the 
acid  ion  factors  tending  to  repress  dissolution  and  the  stronger  solubility-enhancing 
effect  that  increased  buffer  concentration  and  ionic  strength  have  on  dentin.  This  same 
explanation  may  also  account  for  the  observation  that  lysine  addition  slightly  increases 
the  solubility  of  dentin,  whereas  with  enamel,  a  strong  opposite  effect  is  noted. 

The  increases  and  reductions  in  solubility  reported  indicate  that  acid  action  is  influ¬ 
enced  by  factors  which  must  be  considered  specific  functions  of  ions  present  in  the  de¬ 
calcifying  medium.  This  fact  may  have  some  broad  significance  in  certain  biologic 
phenomena,  such  as  the  resorption  and  deposition  of  calcified  structures  which  may  be 
influenced  by  the  kind  of  specific  anion  effects  herein  presented. 

The  results  reported  have  bearing  on  theoretical  considerations  of  dental  caries  which 
were  the  starting  point  of  this  study.  They  suggest  that  the  kinds  of  acids  present  in 
plaques  and  areas  of  caries  attack  may  influence  the  capacity  to  decalcify  enamel  and, 
to  a  limited  extent,  dentin  and  that  the  strength  of  the  caries  attack  may  be  modified 
by  the  kind  of  acids  found  in  the  mouth,  as  well  as  by  their  quantity.  There  is  increas¬ 
ing  support  for  the  idea  that  acid  action  in  dental  caries  occurs  intermittently  as 
repeated  short  periods  of  decalcification.  Since  our  experiments  involve  short-term 
reaction  rates,  the  effects  observed  can  be  more  validly  related  to  oral  conditions  than 
if  they  were  equilibrium  effects.  Further  understanding  of  this  subject  might  help  to 
explain  the  lack  of  correlation  between  caries  incidence  and  such  factors  as  salivary  and 
plaque  pH,  buffering  capacity,  and  total  acidity.^^^® 

SUMMARY 

The  effect  of  the  addition  of  nineteen  different  acids  to  decalcifying  buffers  on  the 
solubility  rates  of  enamel  and  dentin  over  the  pH  range  2. 6-6.0  was  determined.  The 
experimental  approach  used  permitted  an  evaluation  of  the  specific  effects  of  the  char¬ 
acteristic  ions  of  the  acids.  The  ions  evaluated  were  derived  from  naturally  occurring 
and  biologically  important  organic  acids  and  certain  synthetic  substances,  such  as 
ethylenediaminetetraacetic  and  tricarballylic  acid. 

It  was  found  that  the  capacity  of  an  acidic  environment  to  decalcify  enamel  and 
dentin  could  be  significantly  increased  or  decreased  by  the  addition  of  certain  acid 
ions.  In  this  respect  enamel  appears  to.be  considerably  more  sensitive  to  the  composi¬ 
tion  of  the  decalcification  medium  than  dentin,  whose  solubility  appears  to  be  influ¬ 
enced  only  by  those  ions  which  show  the  strongest  effects  with  enamel.  Moreover,  de¬ 
pending  on  the  pH  of  the  environment,  the  same  ion  can  demonstrate  opposite  effects. 
As  the  pH  increases  from  2.6  to  6.0,  the  ions  of  citric  acid  and  EDTA  have  no  effect, 
then  decrease,  and  finally  increase  the  solubility  rates  of  enamel  in  acid  buffers.  The 
increases  in  solubility  observed  with  EDTA  and  citric  acid  are  attributed  to  the  ability 
of  their  ions  at  certain  levels  to  form  soluble  calcium  complexes,  thus  reducing  the 
common  ion  effect  which  tends  to  suppress  dissolution. 

With  respect  to  the  solubility  reductions  observed,  the  following  have  been  noted: 

The  monobasic  acids  produce  little  or  no  effect  at  any  of  the  pH  levels  tested. 
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The  dibasic  acids  demonstrate  moderate  effects. 

The  tribasic  acids  and  EDTA  show  strong  effects. 

The  presence  of  additional  polar  groups,  such  as  amino  or  hydroxy,  in  these  acids 
considerably  enhance  their  capacity  to  reduce  solubility. 

From  the  contrasting  findings  with  the  homologues,  aspartic  and  glutamic  acids,  and 
the  sterioisomers,  maleic  and  fumaric  acids,  there  is  an  indication  that  the  spatial 
arrangement  of  functional  groups  is  important  in  determining  the  capacity  for  reduc¬ 
tion. 

The  finding  that  the  multicharged  basic  amino  acid  ions  of  lysine  and  ornithine, 
which  have  a  net  unit  positive  charge,  produce  reductions  as  strong  as  the  ions  of  the 
acidic  amino  acid  aspartic,  which  has  a  net  unit  negative  charge,  suggests  that  the 
nature  of  the  charge  is  not  so  important  as  the  existence  of  multiple  charges  on  the  ions. 

It  has  been  postulated  that  the  ions  which  demonstrate  reductions  concentrate  at  or 
near  the  surfaces  of  the  enamel  and  dentin  crystallites,  forming  an  ionic  shell  or  sur¬ 
face-bound  complexes  that  retard  decalcification  by  interfering  with  the  diffusion 
processes  necessary  for  dissolution. 

The  possibility  is  suggested  that  specific  ion  effects  of  the  sort  presented  may  be  of  • 
importance  in  biologic  processes  involving  deposition  and  resorption  of  calcified  tissues 
and  the  destruction  of  the  teeth  as  occurs  in  caries. 
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Both  high  and  low  prevalence  levels  of  dental  caries  have  been  reported  for  Alaskan 
natives.  Leigh  found  little  evidence  of  caries  in  324  Eskimo  skulls  in  the  Smithsonian 
Institution.^  Moorrees  saw  averages  of  9  and  13  DMF  teeth,  respectively,  in  46  male 
and  40  female  Aleuts  aged  twelve  through  sixty-five  years,  from  the  villages  of  Nikol¬ 
ski  and  Atka  on  Umnak  and  Atka  Islands.-  Dental  caries  has  been  cited  as  an  impor-' 
tant  public  health  problem  in  Alaskan  Eskimos,  partially  on  the  experience  of  Point 
Barrow  children;  their  DMF  means  were  as  high  as,  or  higher  than,  those  usually 
reported  for  children  of  continental  United  States  at  corresponding  ages.®  Unusually 
low  caries  prevalence  was  observed  by  Rosebury,  Karshan,  Siegel,  and  Waugh  in  1936 
and  1937,  in  studies  carried  out  in  the  Yukon-Kuskokwin  delta  area.^® 

This  report  is  a  description  of  dental  caries  status  and  zissociated  nutritive  states  of 
713  members  of  the  two  Scout  Battalions  of  the  Alaska  National  Guard.  The  men  were 
examined  in  March,  1958,  in  connection  with  a  nutrition  survey  conducted  by  the 
Interdepartmental  Committee  on  Nutrition  for  National  Defense  (the  ICNND).  This 
committee  was  constituted  in  1955  to  co-ordinate  nutrition  studies  of  friendly  armed 
forces.  Its  field  survey  teams  are  made  up  of  specialists  in  nutrition,  medicine  and 
dentistry,  biochemistry,  food  technology,  agriculture,  and  other  disciplines  as  required 
by  the  specific  situation.^*  ®  Preliminary  reports  of  the  findings  have  been  presented 
elsewhere.®’ 


MATERIALS  AND  METHODS 

In  all,  713  men  ranging  in  age  from  seventeen  through  fifty-four  years  were  given 
oral  examinations.  They  lived  in  fifty-five  villages  or  towns  throughout  Alaska.  Thirty- 
eight  men  came  from  two  villages  in  the  Aleutian  chain  of  islands,  and  one  group  of  2 1 
were  Athabascan  Indians  from  Fort  Yukon.  The  remaining  654  men  were  about  evenly 
divided  between  villages  inhabited  by  northern  and  southern  Eskimos.  These  are  dis¬ 
tinct  ethnic  groups  with  differing  languages  and  cultures.^^ 

Of  the  8,200  Eskimo  males  in  Alaska  in  1950,  about  3,700  were  in  the  age  range  of 
seventeen  through  fifty-four  years.^^  The  sample  examined,  then,  included  about  one 
Eskimo  male  in  six  for  the  entire  state,  or  about  one  Eskimo  male  in  five  in  the  judicial 
areas  represented.  It  included  an  even  greater  fraction  of  the  able-bodied  men.  As  Scott 
has  pointed  out,  “a  significant  proportion  of  these  [food-producing  or  wage-earning] 
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men  had  tuberculosis  or  other  debilitating  disease  which  made  them  unable  to  work  or 
to  hunt  and  fish.”*^ 

All  the  examinations  were  made  in  a  mess  hall  at  Camp  Denali,  Fort  Richardson. 
The  men  were  seated  in  a  portable  dental  chair  under  a  Castle  examination  lamp.  Find¬ 
ings  were  dictated  in  code  to  an  experienced  recorder,  following  generally  the  pro¬ 
cedures  and  criteria  used  by  us  in  other  dental  caries  studies.^  Each  tooth  was  recorded 
as  free  of  caries,  or  decayed,  or  missing  or  filled.  Frank  loss  of  tooth  substance  was 
required  before  a  lesion  was  designated  as  carious.  A  tooth  with  a  crown  so  destroyed 
by  caries  that  filling  was  deemed  impracticable  was  recorded  as  indicated  for  extraction 
and  tabulated  as  a  missing  tooth.  A  tooth  with  a  filling  and  a  separate  carious  lesion 
was  counted,  once  only,  as  a  filled  tooth.  In  many  cases  arches  were  so  crowded  that  no 
room  remained  for  eruption  of  one  or  more  bicuspids.  These  teeth  were  considered  to  be 
unerupted  rather  than  missing  if  the  crown  could  be  palpated  below  the  gingivae  at  the 
margin  of  the  alveolar  crest. 

Each  permanent  molar  tooth  was  examined  for  signs  of  attrition  and  scored  on  the 
accompanying  scale.  The  total  of  these  scores  was  divided  by  the  number  of  molar 
teeth  present  and  the  result  entered  as  the  attrition  score  for  that  individual. 

Observation  Tooth  Score 

No  signs  of  attrition .  0 

Hard,  shiny  facets  on  enamel .  1 

Dentin  exposed  on  occlusal  surface .  2 

Raised  cusps  eliminated;  occlusal  surface  essen¬ 
tially  horizontal .  3 

Maximum  height  of  crown  of  tooth  altove  amelo- 
cemental  junction  on  buccal  aspect  less  than 
3  mm .  4 

These  men  were  also  examined  for  evidences  of  past  and  present  periodontal  disease, 
the  presence  or  absence  of  material  alba  or  calculus,  and  notes  were  entered  describing 
arch  form,  occlusion,  anomalies  of  enamel,  and  the  like.  These  findings  will  be  pre¬ 
sented  in  separate  reports. 

On  the  day  of  examination,  fasting  blood  and  fasting  6-hour  urine  samples  were 
collected.  Blood  samples  were  taken  in  two  vacutainer  tubes,  a  20-ml.  size  for  whole 
clotted  blood  and  a  10-ml.  oxalated  tube  containing  20  mg.  of  the  oxalate  mixture  per 
tube  for  hemoglobin  analysis.  The  oxalated  blood  specimens  were  analyzed  daily  for 
hemoglobin,  plasma  protein,  and  ascorbic  acid  at  the  Arctic  Health  Research  Center  in 
Anchorage.  Sera  from  the  whole  blood  samples  were  frozen  for  analysis  elsewhere. 

The  6-hour  urine  volumes  were  measured,  with  a  60-ml.  aliquot  being  acidified  with 
0.1  ml.  of  concentrated  hydrochloric  acid  and  immediately  frozen.  The  frozen  serum 
and  urine  specimens  were  packed  in  dry  ice  and  shipped  by  air  express  to  the  U.S. 
Army  Medical  Research  and  Nutrition  Laboratory  in  Denver,  where  they  usually 
arrived  within  20  hours,  still  in  the  frozen  state.  There  the  serum  was  analyzed  for  vita¬ 
min  A  and  carotene,  and  the  urine  was  analyzed  for  thiamine,  riboflavin,  A^'methylnico- 
tinamide,  and  creatinine.  The  methods  were  those  listed  as  standard  in  the  ICNND 
Manual}^ 

RESULTS 

The  men  seemed  generally  to  be  well  nourished  and  in  excellent  physical  condition.® 
Numbers  of  decayed,  missing,  and  filled  permanent  teeth  in  the  whole  group  examined 
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are  shown  in  Table  1.  For  comparison  similar  data  are  shown  for  a  quasi-random 
sample  of  males  examined  in  Baltimore  in  1954.^*  Identical  criteria  were  followed  in 
these  studies,  and  the  Alaska  dental  examiner  participated  in  both.  Caries  prevalence 
in  Alaskan  Scouts  was  importantly  lower  than  prevalence  in  white  males  in  Baltimore, 
though  about  the  same  as  that  in  Negro  males  at  the  younger  ages.  Both  sets  of  Balti¬ 
more  data  show  the  usual  increase  of  DMF  means  with  age.  In  Alaska  Scouts,  on  the 
contrary,  DMF  findings  dwindle  from  about  10  per  man  in  the  group  aged  seventeen 

TABLE  1 

Dental  Caries  in  Men  of  the  Scout  Battalions,  Alaska  National  Guard,  1958 


Age 

Group 

No.  Ex¬ 
amined 

Mean 

Age 

Mean  Nvubers  of  Peruanent  Teeth 

Mean  DMF, 
Baltimore 

De¬ 

cayed 

Miss¬ 

ing 

Filled 

DMF 

White 

Males 

Negro 

Males 

17-19 . 

63 

18.9 

2.6 

4.7 

2.9 

10.2±0.85 

12.9 

8.9 

20-24 . 

192 

22.3 

2.2 

5.3 

1.5 

9.110.53 

13.0 

7.2 

25-29 . 

167 

27.4 

1.8 

6.7 

1.4 

9.810.66 

14.4 

7.5 

30-34 . 

128 

32.4 

2.0 

5.5 

1.0 

8.510.67 

14.2 

8.0 

35-39 . 

86 

37.4 

1.4 

4  6 

0.6 

6.610.81 

15.5 

9.9 

4(M4 . 

45 

42.5 

0.7 

5.6 

0.3 

6.611.27 

18.0 

11.2 

45  and  over . . . 

32 

48.4 

0.4 

5.5 

0.8 

6.812.52 

18.6 

15.2 

Total . 

713 

29.3 

1.9 

5.5 

1.3 

8.710.29 

TABLE  2 

Mean  Numbers  of  DMF  Teeth  in  Northern  and  Southern 
Eskimos  of  the  Alaska  Scout  Battalions,  1958 


Age  Group 
(Years) 

Northern  Eskimos 

Southern  Eskimos 

p 

No.  Ex¬ 
amined 

Mean 

DMF 

No.  Ex¬ 
amined 

Mean 

DMF 

17-24 . 

145 

mM 

88 

6.4 

<0.001 

25-34 . 

165 

■Em 

106 

5.1 

<0.001 

35  and  over. . . . 

59 

91 

3.5 

<0.001 

All  ages . . . 

369 

Wm 

285 

5.0 

<0.001 

to  nineteen  years  to  between  6  and  7  per  man  at  all  ages  over  thirty-five  years.  Since 
the  number  of  decayed,  missing,  and  filled  permanent  teeth  per  man  is  an  irreversible 
indication  of  lifetime  caries  experience,  this  would  indicate  that  caries  is  much  more 
active  in  the  present  group  aged  seventeen  to  nineteen  years  than  it  was  in  oldest  men 
of  the  sample  at  the  time  they  were  seventeen  to  nineteen  years  of  age. 

Little  difference  was  seen  in  the  nutritive  status  of  men  in  the  First  as  compared  with 
men  of  the  Second  Scout  Battalion.  These  were  composed  principally  of  men  from  the 
northern  and  southern  ethnic  groups,  respectively.  Their  nutritional  status  has  been 
reported  in  detail  elsewhere.®  As  shown  in  Table  2,  dental  caries  prevalence  was  signif¬ 
icantly  greater  in  northern  Eskimo  men.  About  7  per  cent  of  northern  men  were  caries- 
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free,  compared  with  29  per  cent  of  men  from  the  southern  areas.  While  this  might 
suggest  that  caries  prevalence  was  related  to  ethnic  origin,  it  was  obvious  from  the  out¬ 
set  that  prevalence  was  related  much  more  closely  to  place  of  residence;  a  preliminary 
allocation  of  villages  to  high-,  medium-,  and  low-caries  groups  (before  the  location  of 
any  of  the  places  was  known)  was  found  to  have  combined  them  into  clusters  with 
definable  geographic  boundaries.  The  highest  means  were  found  for  men  in  the  seven 
principal  villages  and  for  men  of  eleven  other  places  relatively  close  to  these  principal 
centers.  Intermediate  DMF  means  were  found  in  men  from  villages  which,  considered 
as  a  group,  tended  to  be  relatively  remote  from  these  principal  centers.  The  low-caries 
villages,  with  a  single  exception,  were  found  in  the  tundra  region  of  the  Kuskokwim- 
Yukon  delta  area  and  on  nearby  Nunivak  Island.  There  seemed  to  be  logical  sub¬ 
divisions  for  comparisons  with  group  nutritive  states.* 

Mean  numbers  of  DMF  teeth  for  these  groups  are  shown  in  Table  3.  Group  I  means 
rise  slightly  with  age;  group  II  means  decline  slightly;  group  III  means  not  only  are 
the  lowest  of  the  array  but  show  the  most  marked  tendency  to  decline  with  increasing 
age.  Essentially  the  same  patterns  are  seen  in  the  proportions  of  men  who  were  caries- 
free.  The  findings  for  group  I  do  not  differ  importantly  from  those  for  white  males  in 
Baltimore.  Those  for  groups  II  and  III  differ  markedly,  both  in  magnitude  and  in  the 
slope  of  association  with  age. 

Not  all  biochemical  and  physical  examination  details  were  recorded  for  each  man  in 
the  sample.  For  S03  men,  data  on  height,  weight,  plasma  protein,  hemoglobin,  serum 
vitamin  C,  serum  vitamin  A,  serum  carotene,  urinary  thiamine,  urinary  riboflavin, 
urinary  A'methylnicotinamide,  and  urinary  creatinine  were  complete.  DMF  data  and 
distribution  to  groups  were  essentially  the  same  in  this  smaller  sample  as  in  the  whole 
number  of  men  who  received  dental  examination.  These  findings  for  the  groups,  com¬ 
pared  with  their  lifetime  caries  experience,  are  shown  in  Table  4.  Approximate  proba¬ 
bilities  are  indicated,  based  on  F-ratios.  Within-groups  degrees  of  freedom  were  186, 
209,  99,  and  500,  respectively. 

Men  with  the  higher  caries  experience  were  taller  and  heavier,  particularly  at  ages 
up  to  twenty-four  years,  and  showed  significantly  higher  levels  of  plasma  vitamin  A 
and  carotene.  Men  with  low  caries  experience  were  excreting  substantially  higher 
amounts  of  urinary  iV'methylnicotinamide,  though  most  of  the  differences  was  found  in 
men  aged  thirty-five  years  or  over.  Differences  between  groups  were  generally  of  little 
significance  in  other  factors,  with  great  variation  from  individual  to  individual,  regard¬ 
less  of  caries  experience. 

*  Composition  of  the  groups  by  village  was  as  follows; 

Group  I — principal  villages,  164  men:  Bethel,  Barrow,  Kotzebue,  Dillingham,  Unalaska,  Nome,  and 
St.  Paul.  Nearby  villages,  100  men:  Noatak,  Deering,  Tuluksak,  Wainwright,  Napaskiak,  Akiak,  White 
Mountain,  Shishmaref,  Unalakleet,  Elim,  Shaktoolik. 

Group  II — relatively  remote  villages  (except  the  Kuskokwim-Yukon  area),  297  men:  Little  Dio¬ 
mede,  Shungnak,  Kasigluk,  Akiachak,  Barker  Island,  Alakanuk,  Teller  plus  Teller  Mission,  Koyuk, 
Kwethluk,  Stebbins,  Selawik,  Meade  River,  Eek,  Mountain  Village,  Wales,  Kivalina,  Gambell,  Kiana, 
Noorvik,  Fort  Yukon,  Savoonga,  King  Island,  St.  Michael,  and  Point  Hope. 

Group  III — villages  in  the  Yukon-Kuskokwim  delta  area,  152  men;  Newtok,  Chevak,  Tununak, 
Mekoryuk,  Chefomak,  Kwillingnak,  Kipnuk,  Hooper  Bay,  Tuntutuliak,  Quinhagak,  Napaskiak, 
Togiak,  and  Scammon  Bay. 

Individual  village  DMF  means,  periodontal  scores  and  recession  scores  were  published  in  the 
original  team  report  of  the  ICNND  (see  ref.  9) . 
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Mean  molar  attrition  scores  are  shown  in  Table  5.  At  the  youngest  ages,  scores  in 
group  I  were  somewhat  lower,  and  scores  in  groups  11  and  III  somewhat  higher,  than 
attrition  scores  reported  for  Chinese,  Malaysians,  Indians,  and  Pakistani  of  the  same 
ages  in  Singapore  by  McCombie  and  Chua.^^  There  was  a  general,  though  weak,  asso¬ 
ciation  between  caries  experience  and  attrition,  with  the  lower  caries  experience  tend¬ 
ing  to  accompany  the  higher  degree  of  attrition.  But  this  association  was  too  erratic 
for  prediction  of  the  one  value  from  the  other,  even  for  group  means;  mean  attrition 
scores  were  virtually  the  same  for  men  of  groups  II  and  III  aged  seventeen  to  twenty- 
four  years,  and  for  men  of  groups  I  and  II  aged  twenty-five  to  thirty-four  years,  de¬ 
spite  wide  differences  in  caries  experience  between  these  groups. 


TABLE  3 

Dental  Caries  Status  of  Alaskan  Eskimo  Scouts  in 
Three  Groups  of  Villages 


Ace  Groups 
(Years) 

Group  I 

Group  II 

Groit  III 

Men  LivinK  in  7 
Principal  Villages 
or  in  11  Nearby 
Villages 

Men  Living  in  24 
Relatively  Remote 
Villages,  Except 
Following  Group 

Men  Living  in  13 
Villages  in  Yukon- 
Kuskokwim 

Delta  Area 

Numbers  Examined 

17-24 . 

no 

104 

41 

25-34 . 

116 

125 

54 

35  and  over . 

38 

68 

57 

All  ages . 

264 

297 

152 

Mean  Numbers  of  DMF  Teeth 

17-24 . 

13.2+0.68 

7.6+0.57 

3.5+0.64 

25-34 . 

14.8+0.75 

7.0+0.56 

2.4+0.44 

35  and  over . 

15  0+1.46 

6.5+0.70 

1.3+0.32 

All  ages . 

14.2±0.48 

7.1+0.35 

2.3+0.27 

Per  Cent  of  Men  Caries-free 

17-24 . 

3±1.6 

7  +  2.5 

34  +  7.4 

25-34 . 

3±1.6 

13+3.0 

48  +  6.8 

35  and  over . 

3±2.8 

12  +  3.9 

56+6.6 

All  ages . 

3±1.0 

10+1.7 

47+4.0 

Per  Cent  of  Men  Edentulous 

17-24 . 

2  +  1.3 

0 

0 

25-34 . 

9  +  2.7 

2  +  1.3 

0 

35  and  over . 

16±5.9 

0 

0 

All  ages . 

7±1.6 

1+0.6 

0 
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DISCUSSION 

Scott  has  said: 

Today  there  are  probably  no  Eskimos  in  Alaska  who  subsist  on  wholly  native  diets.  The 
most  that  can  be  said  is  that  certain  people  at  certain  times  live  wholly  from  native  foods.  . .  . 
The  choice  of  food  available  in  the  village  stores  is  limited  because  the  stores  receive  their 
principal  shipments  by  boat  only  twice  a  year,  and  many  other  foods  must  be  shipped  in  by 
air  at  considerable  cost.  The  stores  in  general  lack  suitable  storage  facilities,  both  where  foods 
can  be  kept  frozen  and  where  freezing  can  be  avoided.^® 

At  the  time  of  these  examinations,  in  March,  stores  of  imported  foods  were  nearly  de¬ 
pleted,  and  men  in  the  remote  villages  were  subsisting  on  essentially  the  traditional 
native  diet.  There  is  little  evidence  in  these  findings  to  indicate  that  their  nutritive 
status  had  deteriorated  as  a  result.  Neither  is  there  any  evidence  that  their  relative 
freedom  from  dental  caries  is  due  to  any  superiority  in  any  of  the  nutritional  elements 
considered  in  this  study. 

No  fluorosis  was  seen  in  any  of  the  men.  Fluoride  ingestion,  hence,  seems  inadmis¬ 
sible  as  the  reason  for  the  low  caries  prevalence  levels. 

An  association  between  primitive  conditions  of  living,  or  isolation,  and  dental  caries 
prevalence  has  been  reported  for  such  diverse  peoples  as  Greenland  Eskimos,^*  Poly¬ 
nesians  of  Pukapuka  and  Rarotonga,^®  Bantu  of  South  Africa,^®  and  Greek  children  of 
Kitta."^  In  the  present  instance,  some  of  the  “nearby”  villages  included  in  group  I  are 
actually  more  distant  from  a  principal  town  than  a  few  of  the  “relatively  remote”  vil¬ 
lages  in  group  II;  there  is  a  great  deal  of  overlap  in  these  two  categories.  Some  assign¬ 
ments  of  borderline  villages  were  arbitrary,  and  some  assignments  were  probably  influ¬ 
enced  by  sampling  error.  Nonetheless,  no  manipulation  of  doubtful  assignments  makes 
any  essential  change  in  the  broad  pattern  of  disease — a  progressive  diminution  of  caries 
prevalence  with  progressive  isolation  from  the  “principal”  centers  of  population. 

Neither  can  the  term  “isolation”  be  accepted  in  any  absolute  sense.  Men  from  all  the 
villages  except  Shungnak  usually  leave  their  homes  during  the  summer  for  paid  em¬ 
ployment,  hunting,  or  fishing.  Whole  villages  in  the  Norton  Sound  area,  for  example, 
normally  migrate  to  Nome  during  the  warm  season.  These  villages  range  from  Shish- 
maref  on  the  north  to  St.  Michael  and  Stebbins  on  the  south.  Mean  DMF  for  men  of 
Nome  was  14.5  ±  1.8.  DMF  means  for  men  of  the  10  villages  which  annually  gather 
in  Nome  varied  from  5.6  ±  1.5  to  21.5  ±  1.5.  The  odds  are  about  one  in  1,000  that 
these  are  not  samples  from  the  same  universe.  The  caries-inhibitory  factors  associated  ' 
with  “primitiveness”  or  “isolation”  hence  seem  to  be  independent  here  of  a  yearly 
shoulder-to-shoulder  contact  with  men  from  the  more  acculturated  villages,  and  access, 
during  this  period  at  least  to  essentially  the  same  types  of  food. 

If  the  Rosebury  and  Waugh  data  of  1936^  are  taken  as  a  base  line,  the  increase  in 
caries  prevalence  in  the  Yukon-Kuskokwim  area  over  the  past  two  decades  has  been 
somewhat  less  than  might  be  inferred  from  the  data  for  group  III  men  shown  in  Table 
3.  Prevalences  reported  by  Rosebury  and  Waugh  are  compared  with  prevalences 
elicited  from  the  1958  data  in  Table  6.  The  1936  data  include  findings  for  females,  the 
population  groups  averaged  about  10  years  younger,  and  the  examiners  were  not  aided 
by  artificial  light.  In  view  of  these  differences  and  possible  differences  in  criteria,  the 
apparent  rise  in  absolute  prevalences  may  be  spurious.  But  even  if  these  differences  are 


TABLE  4 


Dental  Caries  Experience  and  Nutritive  Status  in  Three 
Groups  of  Alaskan  Eskimo  Scouts 


Ages 

Cakies  Groups 

F 

P 

I 

II 

III 

Mean  Numbers  of  DMF  Teeth  per  Man 

17-24 . 

13.6 

8.3 

2.7 

33.175 

<0.001 

25-34 . 

14.7 

7.2 

2.6 

46.160 

<0.001 

35-54 . 

14.4 

6.9 

1.4 

30.559 

<0.001 

All  ages . 

14.2 

7.5 

2.1 

118.068 

<0.001 

Mean  Height  (in  Inches) 

17-24 . 

66.0 

65.6 

64.1 

8.825 

<0.001 

25-34 . 

66.2 

65.7 

64.5 

4.827 

<0.01 

35-54 . 

64.9 

65.2 

64.4 

0.582 

>0.20 

All  ages . 

66.0 

65.5 

64.4 

15.667 

<0.001 

Mean  Weight  (in  Pounds) 

17-24 . 

144.5 

145.3 

135.8 

4.512 

0.01 

23-34 . 

151.4 

146.6 

143.9 

3.118 

0.05 

35-54 . 

149.9 

145.3 

146.9 

0.677 

>0.20 

All  ages . 

148.3 

145.9 

142.6 

4.272 

0.02 

Total  Plasma  Protein  (in  Gm/100  Ml) 

17-24 . 

7.2 

7.1 

7.1 

3.503 

0.04 

25-34 . 

7.2 

7.1 

7.2 

0.915 

>0.20 

35-54 . 

7.1 

7.1 

7.1 

0.110 

>0.20 

All  ages . 

7.2 

7.1 

7.1 

2.107 

0.13 

Hemoglobin  (in  Gm/100  Ml) 

17-24 . 

14.7 

14.7 

14.7 

0.007 

>0.20 

25-34 . 

14.6 

14.7 

14.4 

1.651 

0.20 

35-54 . 

14.8 

14.4 

14.2 

3.663 

0.03 

All  ages . 

14.6 

14.6 

14.4 

2.613 

0.08 

Serum  Ascorbic  Acid  (in  Mg/ 100  Ml) 

17-24 . 

0.55 

0.50 

0.50 

0.727 

>0.20 

25-34 . 

0.51 

0.52 

0.57 

0.315 

>0.20 

35-54 . 

0.53 

0.54 

0.59 

0.357 

>0.20 

All  ages . 

0.53 

0.52 

0.56 

0.521 

>0.20 

600 


TABLE  4 — Continued 


Mean  Molar  Attrition  Scores  in  Alaskan  Scouts  with  High, 
Moderate,  and  Low  Lifetime  Caries  Experience 


Ages 

Group  I 
(High  Caries) 

Group  II 

(Moderate  Caries) 

Group  III 
(Low  Caries) 

17-24 . 

0.45±0.06 

0.(35±0.04 

0.6410.09 

25-34 . 

1.00±0.07 

1.05±0.05 

1.4110.09 

35-54 . 

1.53±0.16 

1.85±0.08 

2.2410.10 

601 
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accepted  at  face  value,  it  is  evident  that  any  increase  in  caries  prevalence  over  this  time 
span  has  been  gradual  rather  than  explosive  and  that  prevalence  in  the  highest  of  these 
groups — men  living  in  and  near  Bethel — would  be  considered  to  be  unusually  low  if 
observed  in  males  of  the  same  ages  living  in  the  central  United  States. 

,  In  the  present  case  the  more  isolated  groups  had,  in  general,  tended  to  exhaust  their 
stores  of  imported  foods  earlier  and  to  have  been  subsisting  for  a  longer  time  more 
nearly  on  their  traditional  diets  than  men  from  the  principal  centers  of  population. 
Biochemical  and  nutritive  findings  for  men  of  the  more  isolated  places,  then,  may  reflect 
the  nutritive  states  associated  with  these  traditional  diets  with  considerable  accuracy. 


TABLE  6 

DMF  Teeth  in  Ai.askan  Eskimos  of  Kuskokwim  Area,  1936  and  1938 


Region 

No.  Ex- 

AHINED 

Mean 

Age 

Mean  Numbers  of  Permanent  Teeth  per  Person 

Decayed 

Missing 

Extraction 

Indicated 

Filled 

DMF 

Rosebury  and  Waugh,  1936;  Male  and  Female 

Bethel  and  vicinity*. 

47 

16.3 

5.03 

1.28 

0.26 

6.57 

Eek . 

20 

18.4 

4.35 

0.15 

0 

4.50 

Primitive  villagesf. . . 

39 

21.7 

0.49 

0.13 

0 

0.62 

Kepnuk . 

9 

21.6 

0.33 

0 

0 

0.33 

1958;  Male  Only 

Bethel  and  vicinity*. 

82 

29.4 

2.43 

4.57 

0.78 

0.70 

8.48±0.79 

Eek . 

14 

28.7 

1.29 

3.29 

0.43 

1.86 

6.86+1.78 

Primitive  villagesf. . . 

152 

31.7 

0.76 

1.13 

0.30 

0.12 

2.30±0.27 

Kipnuk . 

13 

30.8 

0.38 

1.08 

0.15 

0.38 

2.0010.60 

*  In  1936  “this  includes  Kwithluk,  Akiak,  Kalsag,  and  the  tundra  villages  west  of  Bethel.”  In  1958  the  villages  included 
are  Bethel,  Kwethluk,  Akiak,  Kasigluk,  Napaskiak,  Tuluksak,  and  Akiachak. 

t  In  1936  “this  includes  Napakiak,  Quinllingnok,  Kepnuk,  Nelson  Island,  Nunivak  Island  and  other  coastal  villages.”  In 
1958  the  villages  included  are  Chefornak,  Chevak,  Hooper  Bay,  Kipnuk,  Kwillingnak,  Mekoryuk  (Nunivak  Island),  Napakiak, 
Newktok,  Quinhagok,  Scammon  Bay,  Togiak,  Tuntutmiak,  and  Tununak. 


These  were  the  men  with  by  far  the  lowest  lifetime  experience  of  dental  caries.  In  most 
respects  these  men  were  slightly  lower  in  indicators  of  nutritional  status  than  men  with 
higher  caries  experience.  The  findings  support  the  conclusion  of  Siegel,  Waugh,  and 
Karshan  that  “there  is  no  basis  for  the  view  frequently  held  that  the  freedom  from 
caries  enjoyed  by  a  primitive  people  is  due  to  a  nutritional  superiority  of  ‘natural’  as 
compared  with  ‘civilized’  diets.”® 


SUMMARY 

Dental  caries  examinations  were  given  713  men  of  the  two  Scout  Battalions  of  the 
Alaska  National  Guard  in  March,  1958.  Biochemical  determination  of  the  levels  of  cer¬ 
tain  nutrients  were  made  for  a  large  fraction  of  this  sample. 

Dental  caries  prevalence  was  found  to  be  high  in  the  principal  villages  and  some  of 
the  villages  nearby;  intermediate  in  prevalence  in  men  from  relatively  remote  villages; 
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and  very  low  in  men  from  coastal  villages  in  the  Kuskokwim- Yukon  delta  area.  In  the 
last  two  groups  prevalence  seemed  to  be  rising. 

Men  in  the  high-caries  villages  tended  to  be  somewhat  taller  and  heavier,  to  show 
somewhat  higher  levels  of  serum  carotene  and  serum  vitamin  A,  and  somewhat  lower 
levels  of  urinary  iV'methynicotinamide.  There  were  no  differences  associated  with 
caries  in  total  plasma  protein,  hemoglobin,  and  ascorbic  acid,  or  in  urinary  thiamine  or 
riboflavin. 

These  findings  would  tend  to  support  the  earlier  conclusion  of  Siegel,  Waugh,  and 
Karshan  that  relative  freedom  from  caries  in  the  more  primitive  groups  is  not  due  to 
any  nutritional  superiority  of  the  traditional  diet. 
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Data  from  an  earlier  study  seemed  to  indicate  that  Alabama  people  with  the  better 
educational  attainment  showed  a  better  condition  of  the  periodontal  tissues  than  could 
readily  be  explained  by  their  more  effective  oral  hygiene  and  their  more  adequate  pro¬ 
fessional  care.^  One  possible  factor,  not  explored  in  the  Alabama  study,  was  nutrition. 
This  is  a  report  of  nutritive  states  and  associated  periodontal  findings  in  members  of 
the  first  and  second  Scout  Battalions  of  the  Alaska  National  Guard,  groups  in  which 
the  influence  of  oral  hygiene  and  professional  dental  care  was  negligible.  Dental  caries 
findings  for  these  groups  have  been  described  in  an  earlier  paper.^ 

MATERIALS  AND  METHODS 

The  men  were  examined  in  March,  1958,  at  Fort  Richardson,  near  Anchorage.  Four 
distinct  ethnic  groups  were  represented.  Two  groups  were  small,  including  2 1  Athabascan 
Indians  from  Fort  Yukon  and  38  Aleuts  from  Unalaska  and  St.  Paul.  Of  the  remainder, 
369  men  were  northern  and  285  were  southern  Eskimos.  These  are  distinct  ethnic 
groups  with  differing  languages  and  culture.®  There  were  some  differences  in  the  tradi¬ 
tional  diet  of  these  Eskimo  groups,  related  more  to  the  availability  of  food  than  to 
culture.  In  the  areas  occupied  generally  by  northern  Eskimos, 

...  the  major  proportion  of  food  was  obtained  from  seal,  walrus,  and  whale.  These  were 
supplemented  by  birds,  eggs,  fish,  shellfish,  and  plants  in  small  amounts.  Dependence  upon 
these  marine  mammals  had  its  risks,  since  they  tend  to  be  migratory,  and  famines  occurred  in 
this  area. 

Further  south,  the  principal  source  of  calories  was  fish,  which  were  abundant  in  the  rivers 
and  tundra  ponds.  This  was  supplemented  by  small  mammals,  including  mink,  muskrat  and 
rabbit,  birds,  eggs  and  plants.  The  large  fish  including  salmon,  pike,  several  varieties  of  white- 
fish,  and  ling  cod  were  all  eaten  in  large  amounts,  while  four  smaller  varieties,  the  blackfish, 
eulachon,  smelt  and  stickleback  could  be  easily  caught  in  large  quantity.  Where  fish  were 
abundant,  they  appeared  to  be  a  more  reliable  food  supply  than  were  sea  mammals. 

.  .  .  these  diets  and  their  variants  had  common  characteristics,  in  that  they  were  low  in 
plant  foods,  carbohydrate,  calcium,  and  vitamin  C.  The  diets  were  all  high  in  protein,  but 
not  necessarily  high  in  fat.^ 

The  study  was  part  of  a  nutrition  survey  conducted  by  the  Interdepartmental  Com¬ 
mittee  on  Nutrition  for  National  Defense.®  The  men  were  given  a  general  physical  and 
a  dental  examination,  and  biochemical  determinations  were  made  of  hemoglobin,  total 
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plasma  protein,  serum  ascorbic  acid,  serum  vitamin  A  and  carotene,  and  of  thiamine, 
riboflavin,  and  A'methiniootinamide  in  urine. 

The  dental  examination  was  conducted  with  mirror  and  explorer,  with  the  man 
seated  in  a  portable  dental  chair  under  a  standard  examination  lamp.  In  addition  to 
flndings  for  dental  caries  and  molar  attrition  previously  described,^  the  men  were 
examined  for  the  presence  of  materia  alba  on  the  gingival  third  of  the  labial  surface 
of  two  or  more  incisor  teeth  (as  demonstrated  by  scraping  with  explorer  tine)  and  the 
presence  of  supragingival  calculus  on  the  crowns  of  two  or  more  teeth  anywhere  in  the 
mouth.  Notes  were  entered  describing  arch  form,  occlusion,  and  anomalies  of  the 
enamel.  Present  and  active  peridontal  disease  was  scored  by  means  of  the  Periodontal 
Index  (PI),®  and  cumulative  evidence  of  bone  resorption  as  the  mean  per  cent  per  man 
of  teeth  showing  gingival  recession  past  the  cemento-enamel  junction,  as  used  by  Stahl 
and  Morris.^ 


TABLE  1 

Periodontal  and  Gingival  Recession  Scores  in  693  Men  of  the 
Alaska  Scout  Battalions,  19,S8 


Ace 

Gtopp 

(Yea*s) 

No.  Ex- 

Mean 

Periodomal 

Recession 

Periodontal  Scores, 
Baltimore 

Recession 

Scores, 

AMIN  ED 

Age 

Score 

SCOIE 

White 

Male 

Negro 

Male 

U.S.  Army 
Engineers* 

17-19 . 

63 

18  8 

0.4010.06 

0.5310.05 

0.8810.09 

1.2310.13 

1.6410.17 

1.3610.23 

1.4710.35 

1.610.7 

5.210.9 

10.911.3 
16.911.7 
24.512.6 

27.714.4 

26.114.5 

0.27 

0  42 

7.2 

20-24 . 

190 

22.3 

0.24 

0  47 

9.4 

25-29 . 

158 

27.5 

0.30 

0.28 

13.1 

30-34 . 

125 

32.4 

0.81 

1  09 

17.1 

35-39 . 

84 

37  4 

0  84 

1  2.S 

21.8 

40-44 . 

42 

42.5 

1  11 

27.1 

45  and  over. . 

31 

48.2 

1.32 

Hi 

33.7 

*  Computed  for  these  age  points  from  findings  of  Stahl  and  Morris  (see  ref.  7). 


RESULTS 

Twenty  of  the  men  were  edentulous,  leaving  693  who  could  be  scored  for  periodontal 
disease  and  gingival  recession.  These  scores  are  shown  in  Table  1,  together  with  perio¬ 
dontal  scores  for  males  of  the  same  ages  examined  in  Baltimore  in  1954*  and  recession 
scores  computed  for  the  corresponding  mean  ages  from  data  on  U.S.  Army  Engineers 
reported  by  Stahl  and  Morris.'^  PI  scores  were  higher  in  all  age  groups  than  those  for 
white  males  in  Baltimore,  though  differences  in  men  forty  years  of  age  or  older  are  of 
little  clinical  significance.  At  these  ages,  PI  scores  for  Negro  males  in  Baltimore  were 
importantly  higher  than  in  the  Eskimo  men.  R'^cession  scores  were  slightly  below  those 
based  on  flndings  for  Army  Engineers.  Group  PI  and  group  recession  scores  were  so 
highly  correlated  that  the  one  could  be  estimated  from  the  other  with  negligible  error. 

Dental  caries  prevalence  had  been  found  to  be  somewhat  higher  in  northern  than  in 
southern  Eskimos  and  sharply  different,  depending  on  whether  the  men  lived  in  or  near 
one  of  the  principal  villages,  in  a  somewhat  more  remote  village,  or  on  the  tundra  of 
the  Yukon-Kuskokwim  area.^  When  periodontal  disease  data  were  contrasted  for  these 
same  geographical  groups,  no  differences  of  clinical  or  statistical  significance  appeared 


TABLE  2 


Nutritional  and  Periodontal  Status  of  Three  Groups 
OF  Alaskan  Eskimo  Scouts 


Age  Group 
(Years) 

Group  A 

Group  B 

Group  C 

Approx.  P* 

Mean  Periodontal  Scores 

17-24 . 

0.27 

0.50 

0.59 

0.08 

25-34 . 

0.41 

1.10 

1.23 

0.01 

35  and  over . 

0.49 

1.43 

2.27 

<0.001 

All  ages . 

0.38 

0.95 

1.09 

<0.001 

Mean  Per  Cent  Recession 

17-24 . 

0.9 

2.1 

7.9 

<0.001 

25-34 . 

8.7 

11.2 

17.6 

0.02 

35  and  over . 

14.4 

18.1 

46.7 

<0.001 

All  ages . 

7.3 

9.5 

16.8 

<0.001 

Mean  Height  (in  Inches) 

17-24 . 

65.9 

65.2 

65.8 

0.16 

25-34 . 

67.3 

64.9 

65.7 

<0.001 

35  and  over . 

65.5 

64.1 

65.8 

<0.01 

All  ages . 

66.3 

64.8 

65.8 

<0.001 

i 

Mean  Weight  (in  Pounds) 

17-24 . 

142.3 

140.1 

147.8 

<0.01 

25-34 . 

153.4 

144.7 

148.7 

0.05 

35  and  over . 

150.5 

143.8 

149.0 

0.10 

All  ages . 

148.5 

142.6 

148.4 

<0.001 

Total  Plasma  Protein  (in  Gm/100  Ml) 

17-24 . 

7.1 

7.2 

7.1 

>0.20 

25-34 . 

7.1 

7.1 

7.2 

>0.20 

35  and  over . 

7.1 

7.1 

7.2 

0.11 

All  ages . 

7.1 

7.1 

7.2 

>0.20 

Hemoglobin  (in  Gm/100  Ml) 

17-24 . 

14.6 

14.8 

14.7 

>0.20 

25-34 . 

14.8 

14.4 

14.6 

0.09 

35  and  over . 

14.3 

14.2 

14.7 

0.10 

All  ages . 

14.6 

14.5 

14.6 

>0.20 

*  Based  on  F-ratios. 
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TABLE  2 — Continued 


Age  Geo  up 
(Yeaes) 

Geoup  a 

Geoup  B 

Geoup  C 

Appeox.  P* 

Serum  Ascorbic  Acid  (in  Mg/100  Ml) 

17-24 . 

0.48 

0.53 

0.52 

>0.20 

25-34 . 

0.59 

0.49 

0.53 

>0.20 

35  and  over . 

0.54 

0.56 

0.56 

>0.20 

All  ages . 

0.54 

0.53 

0.53 

>0.20 

Serum  Vitamin  A  (in  ^g/100  Ml) 

17-24 . 

35.1 

40.3 

38.3 

0.15 

25-34 . 

31.6 

37.8 

36.1 

0.09 

35  and  over . 

34.6 

35.7 

41.2 

>0.20 

All  ages . 

33.7 

38.2 

37.4 

0.04 

Serum  Carotene  (in  ^g/100  Ml) 

17-24 . 

100.5 

119.6 

103.3 

0.007 

25-34 . 

107.9 

104.8 

104.8 

>0.20 

35  and  over . 

95.8 

105.9 

98.7 

>0.20 

All  ages . 

101  9 

no  9 

103.6 

0.07 

1 

1  Urinary  Thiamine  (in  itg/Gm  Creatinine) 

17-24 . 

298.0 

298.0 

262.8 

>0.20 

25-34 . 

327.9 

336.3 

214.8 

<0.001 

35  and  over . 

167.9 

237.1 

191.9 

0.14 

All  ages . 

274.3 

294.5 

230.9 

0.01 

Urinary  Riboflavin  (in  pg/Gm  Creatinine) 

17-24 . 

718.0 

776.9 

667.7 

>0.20 

25-34 . 

732.9 

718.0 

654.4 

>0.20 

35  and  over . 

583.3 

684.3 

863.0 

0.12 

All  ages . 

687.7 

732.0 

680.6 

>0.20 

Urinary  iV'MethyInicotinamide  (in  Mg/Gm  Creatinine) 

17-24 . 

13.9 

16.7 

12.7 

0.20 

25-34 . 

15.5 

16.5 

12.9 

0.12 

35  and  over . 

11.8 

16.0 

9.9 

0.04 

All  ages . 

13.9 

16.5 

12.5 

0.02 
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in  men  up  through  the  age  of  thirty-four  years.  In  older  men,  both  PI  and  mean  re¬ 
cession  scores  were  significantly  higher  in  northern  than  in  southern  Eskimos  and 
were  closely  related  to  mean  DMF  findings;  DMF  means  were  IS.O,  6.5,  and  1.3  for 
men  of  the  three  geographic  groups;  mean  PI  scores  were  1.99,  1.72,  and  1.05;  and 
mean  recession  scores  were  34.9,  28.2,  and  17.5,  respectively.  The  nutritional  status  of 
these  men  as  reported  in  the  earlier  publication^  is  essentially  applicable  here,  despite 
some  small  difference  in  numbers  due  to  the  exclusion  of  edentulous  men.  Hemoglobin 
and  serum  carotene  levels  were  slightly,  but  significantly,  higher  in  the  group  with  the 
highest  prevalence  of  periodontal  disease;  the  reverse  was  true  of  urinary  excretory 
levels  of  iV'methylnicotinamide.  Differences  in  height,  weight,  total  plasma  protein, 
serum  ascorbic  acid  and  vitamin  A,  and  urinary  thiamine  and  riboflavin  were  small, 
inconsistent,  and  not  significant  statistically.  But  the  numbers  of  men  examined  were 
small  in  this  age  group,  and  an  association  with  nutritive  states  seemed  more  likely 
to  be  discovered,  if  one  existed,  if  larger  groups  with  wider  differences  in  disease  status 
could  be  brought  to  contrast. 

Accordingly,  mean  PI  and  recession  scores  and  mean  ages  were  computed  for  whole- 
village  groups  and  compared  with  PI  scores  for  males  in  Baltimore  (white  and  Negro 
combined)  and  with  recession  scores  as  computed  for  U.S.  Army  Engineers.  Three 
categories  were  set  up  on  the  basis  of  these  comparisons.  Men  from  villages  with  whole- 
group  scores  lower  in  both  PI  and  recession  means  than  United  States  base  lines  were 
placed  in  group  A;  men  from  villages  higher  in  both  respects  in  Group  C;  and  men 
from  villages  scoring  higher  by  one  index  and  lower  by  the  other  were  placed  in  group 
B.* 

Of  the  26  villages  in  group  B,  mean  PI  scores  were  higher  than  those  in  Baltimore, 
and  recession  scores  lower  in  25.  This  seemed  consistent  with  the  clinical  impression 
at  the  time  of  examination  that  inordinate  numbers  of  men  with  inflammation  of  the 
gingivae  showed  little  evidence  of  bone  resorption. 

Periodontal  and  recession  scores  for  these  groups  are  shown  in  Table  2  and  in  Figures 
1  and  2.  Table  2  likewise  shows  the  nutritive  status  of  the  men.  Data  are  limited  to  the 
485  men  for  whom  biochemical  determinations  were  complete.  Within-group  degrees 
of  freedom  were  183,  197,  93,  and  481,  respectively. 

Group  A  is  composed  of  men  relatively  free  of  signs  of  past  or  present  disease.  They 
tended  to  be  slightly,  but  significantly,  taller  and  heavier  than  men  of  the  other  two 
groups  and  showed  generally  lower  levels  of  serum  vitamin  A.  Group  C,  men  with 
signs  of  relatively  extensive  and  severe  past  and  present  disease,  seems  to  differ  only 
in  a  tendency  toward  lower  levels  of  urinary  thiamine.  Men  of  group  B,  in  whom 
gingival  disease  presumably  of  long  standing  is  associated  with  no  more  than  minimal 

*  Group  A  villages  (83  men):  Mekoryuk,  Scammon  Bay,  Fort  Yukon,  Tununak,  Kiana,  Shungnak, 
Chefomak,  Dillingham,  Barter  Island,  Selawik,  Teller,  and  Shishmaref . 

Group  B  villages  (204  men) :  Noorvik,  Meade  River,  Bethel,  Nome,  Noatak,  Elim,  Kipnuk, 
Napakiak,  Kasigluk,  Unalaska,  Newktok,  Hooper  Bay,  White  Mountain,  Mountain  Village,  (Juin- 
hagak.  Point  Hope,  Wales,  Eek,  Kwillingnak,  Akiak,  Tuntutuliak,  3t.  Paul,  King  Island,  Kwethluk, 
Togiak,  and  Alakanuk. 

Group  C  villages  (198  men):  Savoonga,  Barrow,  Gambell,  Unalakleet,  Kotzebue,  Shaktoolik, 
Napaskiak,  Little  Diomede,  Chevak,  Kivalina,  Deering,  Wainwright,  Tuluksak,  Stabbins,  St.  Michael, 
Koyuk,  and  Akiachak. 

There  is  no  association  between  these  and  the  groups  designated  I,  H,  and  III  used  for  analysis  of 
dental  caries  status. 


Fig.  1. — Mean  gingival  recession  scores  in  three  groups  of  Alaskan  Scouts  and  Army  Engineers 
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Fig.  2. — Mean  periodontal  scores  in  three  groups  of  Alaskan  Scouts  and  Baltimore  males 
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signs  of  bone  resorption,  are  slightly,  but  significantly,  smaller  and  lighter  in  weight 
than  men  of  groups  A  and  C  and  show  somewhat  higher  levels  of  A'methylnicotinamide 
in  urine.  Men  of  all  three  groups  show  about  the  same  levels  of  total  plasma  protein, 
hemoglobin,  serum  ascorbic  acid  and  carotene,  and  urinary  riboflavin.  Even  in  the  items 
where  significant  differences  occur,  the  overlap  of  ranges  between  groups  is  so  great 
as  to  raise  doubt  whether  any  of  the  associations  is  other  than  accidental. 

A  parallel  analysis,  in  which  the  men  were  divided  into  groups  with  normal  gingival 
tissues,  with  gingivitis  only,  and  with  gingivitis  involving  pocket  formation,  and  their 
nutritive  status  contrasted  by  age  groups,  yielded  essentially  the  same  findings.  Dif¬ 
ferences  in  serum  protein,  hemoglobin,  vitamin  A,  vitamin  C,  and  urinary  riboflavin 
and  A^'methylnicotinamide  were  small,  inconsistent,  and  not  statistically  significant. 
Differences  in  urinary  thiamine  were  significant  in  each  of  the  three  age  groups,  but 
highest  thiamine  excretion  was  observed  in  men  with  advanced  disease,  in  men  aged 
seventeen  to  twenty-four  years,  and  in  men  with  the  least  disease  in  ages  over  twenty-five. 

Additional  data  on  patterns  of  periodontal  disease  in  these  groups  and  other  oral 
findings  are  summarized  in  Table  3.  The  prevalence  of  disease  was  significantly  lower 
in  group  A;  groups  B  and  C  did  not  differ  in  this  regard.  Simple  differences  in  prevalence 
did  not  fully  account  for  differences  in  other  findings.  Pocket  formation  was  observed 
in  one  man  in  four  or  five  with  disease  in  group  A,  about  one  man  in  three  with  disease 
in  group  B,  and  in  nearly  half  the  men  with  signs  of  disease  in  group  C;  mean  PI  scores 
limited  to  men  with  disease  followed  about  the  same  pattern.  These  differences  were 
somewhat  less  significant,  statistically,  than  in  full-group  contrasts,  principally  because 
of  the  reduced  numbers  of  men  in  the  samples. 

After  the  age  of  twenty-four  years  there  were  significantly  fewer  men  in  group  A 
with  obvious  materia  alba  on  two  or  more  incisor  teeth;  men  of  groups  B  and  C  did 
not  differ  greatly  in  this  respect.  There  was  no  difference  between  the  groups  in  num¬ 
bers  of  men  with  overt  supragingival  calculus  on  two  or  more  teeth.  Group  A  men  over 
twenty-five  years  included  fewer  individuals  with  both  materia  alba  and  calculus,  with 
non-significant  differences  appearing  when  groups  B  and  C  were  compared.  The  preva¬ 
lence  of  crowded  arches  was  about  the  same  in  the  three  groups. 

DISCUSSION 

These  findings  are  essentially  negative;  the  original  hypothesis — that  a  clear  nutri¬ 
tional  superiority  would  be  found  in  men  with  the  better  periodontal  conditions — is  not 
supported. 

These  men  were  examined  in  March,  when  supplies  of  imported  food  are  at  the  low¬ 
est  p>oint  in  the  year  and  nutritional  depletion  most  apt  to  be  obvious  if  present  at  all. 
The  most  valid  comparisons  with  nutritional  status  are  probably  those  based  on  the 
periodontal  score,  which  is  a  morbidity  index  and  can  reflect  improvement  as  well  as 
deterioration.  In  this  population,  however,  about  the  same  conclusions  are  drawn  when 
comparisons  are  made  with  scores  for  mean  gingival  recession — an  irreversible  measure 
reflecting  lifetime  bone  resorption  status. 

Individuals  with  marked  depletion  of  one  or  another  of  the  nutrients  differed  little,  if 
at  all,  from  their  fellows  not  lacking  in  that  nutrient.  Eighten  men,  for  example,  were 
found  with  zero  vitamin  C  levels  in  blood  serum;  their  PI  score,  at  their  mean  age  of 


TABLE  3 

Additional  Oral  Findings  in  Three  Groups  of  Alaska  Scouts 


Age  Gkovp 
(Yeabs) 

Gioup  A 

Gboup  B 

Group  C 

Appiox.  P* 

Per  Cent  of  Men  with  Signs  of  Disease 

17-24 . 

45 

71 

62 

0.04 

25-34 . 

57 

86 

80 

<0.01 

35  and  over . 

41 

82 

95 

<0.001 

All  ages . 

48 

79 

75 

<0.001 

Per  Cent  of  Men  with  Disease 

Showing  Pocket  Formation 

17-24 . 

0 

18 

34 

0.04 

25-34 . 

29 

39 

44 

35  and  over . 

44 

52 

74 

>0.20 

All  ages . 

23 

35 

45 

0.03 

Mean  PI  Scores  for  Men  with  Disease 

17-24 . 

0.60 

0.95 

0.10 

25-34 . 

0.73 

1.53 

0.07 

35  and  over . 

1.19 

2.39 

0.10 

All  ages . 

0.79 

1.21 

1.46 

<0.001 

Per  Cent  with  Materia  Alba 

17-24 . 

48 

53 

61 

>0.20 

25-34 . 

27 

64 

75 

<0.001 

35  and  over . 

50 

80 

90 

•  <0.001 

All  ages . 

41 

64 

71 

<0  001 

Per  Cent  with  Supragingival  Calculus 

17-24 . 

39 

43 

33 

25-34 . 

60 

71 

73 

35  and  over . 

68 

80 

85 

0.20 

All  ages . 

54 

62 

59 

0.20 

Per  Cent  with  Both  Materia  Alba  and 

Supragingival  Calculus 

17-24 . 

19 

31 

24 

0.20 

25-34 . 

20 

49 

63 

0.001 

35  and  over . 

45 

69 

80 

0.05 

All  ages . 

27 

48 

49 

0.001 

*  Based  on  F-ratios  for  series  of  means,  and  on  chi-s(|uare  for  proportions. 


612  RUSSELL,  CONSOLAZJO,  AND  WHITE 


J.  D.  Res.  M ay- June  1961 


thirty-two  years,  was  1.26  ±  0.37,  nearly  identical  with  the  score  of  1.23  for  all  128 
men  in  the  thirty  to  thirty-four  age  group.  An  additional  IS  men  showed  less  than  0.10 
mg.  of  vitamin  C  per  100  ml.  of  serum;  their  mean  PI  score,  at  a  mean  age  of  29. S 
years,  was  0.63  ±  0.20,  rather  lower  than  the  whole-group  score  of  1.06  at  this  age 
point.  Of  these  33  men,  9  were  free  of  overt  gingivitis,  and  12  showed  one  or  more 
periodontal  pockets,  about  the  same  proportions  as  those  found  for  the  whole  group  of 
men.  Similarly,  the  9  men  deficient  in  serum  vitamin  A  by  ICNND  standards — those 
with  less  than  10  fig.  per  100  ml. — had  a  mean  PI  score  of  1.00  ±  0.30,  somewhat  be¬ 
low  that  for  the  whole  group  at  their  mean  age  of  31.2  years,  with  gingivitis  absent  in 
two  of  the  men  and  periodontal  pockets  present  in  three. 

Subgroups  A,  B,  and  C  follow  no  apparent  geographic  pattern  and  include  about  the 
same  proportions  of  villages  from  the  high-,  the  moderate-,  and  the  low-caries  groups 
analyzed  in  the  previous  report  on  dental  caries  in  these  men.^ 

Group  A — men  relatively  free  of  past  or  present  disease — included  significantly  fewer 
individuals  in  whom  materia  alba  could  be  scraped  from  an  incisor  tooth  with  the  ex¬ 
plorer  tine  and  significantly  fewer  in  whom  both  materia  alba  and  supragingival  calcu¬ 
lus  could  be  observed.  The  apparent  lack  of  association  between  calculus  and  disease 
shown  in  Table  3  permits  only  limited  inference,  since  crevices  were  not  probed;  this 
evidence  can  support  no  statement  beyond  one  that  in  this  group  men  prone  to  heavy 
supragingival  calculus  formation  seemed  no  more  susceptible  to  disease  than  men  with¬ 
out  this  tendency.  Differences  in  oral  cleanliness  were  not  due  to  specific  practices  of 
oral  hygiene  or  to  differences  in  type  or  consistency  of  diet,  so  far  as  could  be  deter¬ 
mined  from  a  cursory  comparison  with  reports  from  teams  which  examined  civilians 
and  their  dietary  practices  in  ten  of  the  villages. 

Of  particular  interest  was  the  finding  that  men  from  about  half  the  villages,  includ¬ 
ing  about  40  per  cent  of  the  men  in  the  sample,  tended  to  show  active  present  gingival 
disease  accompanied  by  no  more  than  minimal  indications  of  bone  resorption.  Their 
mean  recession  scores  of  2.1,  11.2,  and  18.1  in  the  three  age  groups  are  very  little 
higher  than  scores  of  2.3,  S.2,  and  10.4  returned  for  Scouts  considered  to  be  free  of 
gingival  disease  at  the  time  of  examination.  At  least  two  plausible  hypotheses  are  sug¬ 
gested:  that  periodontal  disease  is  a  comparatively  recent  invader  in  these  areas  or 
that  bone  is  relatively  resistant  to  resorption  in  this  group.  Further  study  in  these 
areas  seems  desirable. 

SUMMARY 

Six  hundred  and  ninety-three  men  of  the  First  and  Second  Scout  Battalions  of  the 
Alaska  National  Guard  were  examined  for  periodontal  disease  in  March,  1958.  Deter¬ 
minations  of  total  plasma  protein,  hemoglobin,  serum  ascorbic  acid,  vitamin  A  and 
carotene,  and  for  urinary  thiamin,  riboflavin  and  A^'methylnicotinamide  were  complete 
for  485  of  the  men.  No  association  between  signs  of  past  or  present  periodontal  disease 
and  the  levels  of  any  of  these  nutrients  could  be  demonstrated.  Men  from  about  half 
the  villages  represented  showed  very  little  indication  of  bone  resorption,  despite  a  high 
prevalence  of  active  gingival  disease. 
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Relation  of  Protein,  Carbohydrate,  and  Fat  Intake 
to  the  Periodontal  Syndrome 
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Harvard  School  of  Dental  Medicine,  Boston,  Massachusetts 


Earlier  studies  with  the  rice  rat  indicated  that  the  complete  replacement  of  carbohydrate 
in  the  periodontal  syndrome-producing  diet  by  fat  and  protein  resulted  in  major  re¬ 
ductions  in  the  incidence  and  extent  of  the  periodontal  syndrome.^  This  influence  was 
more  striking  in  the  soft  tissues  of  the  periodontium  than  in  the  alveolar  bone.  The 
present  series  of  experiments  was  undertaken  to  examine  this  relationship  more  exten¬ 
sively  and  to  determine  the  influence  of  major  changes  in  the  amount  and  type  of 
carbohydrate,  fat,  and  protein  in  the  periodontal  syi' drome-producing  diet. 

EXPERIMENTAL  METHODS  AND  RESULTS 

Five  experiments  were  conducted  to  determine  the  influence  of  variations  in  the 
carbohydrate,  protein,  and  fat  concentrations  in  diet  700  on  the  periodontal  syndrome 
in  rice  rats.  A  sixth  experiment  was  undertaken  to  determine  whether  the  susceptibility 
to  the  periodontal  syndrome  varied  with  the  age  of  the  experimental  subject.  The  352 
rice  rats  used  in  these  six  experiments  were  offspring  of  our  breeding  colony,  which  is 
maintained  on  Purina  Laboratory  Chow  supplemented  with  small  amounts  of  fresh 
lettuce  and  carrots  three  times  a  week. 

In  each  experiment  the  subjects  were  distributed  at  weaning  on  the  twenty-first  day 
of  age  by  littermates  among  the  several  groups.  They  were  maintained  singly  for  the 
appropriate  experimental  period  in  screen-bottom  cages,  with  ration  and  tap  water 
provided  ad  libitum.  At  the  end  of  the  experiment,  the  rice  rats  were  sacrificed,  and 
their  heads  preserved  in  95  per  cent  alcohol  in  preparation  for  evaluation  of  the  perio¬ 
dontal  syndrome  in  the  soft  and  in  the  calcified  tissues  by  the  method  of  Gupta  and 
Shaw.2  Experiments  1,  2,  3,  and  6  were  conducted  about  2  years  before  experiments 
4  and  5.  During  this  interval  a  rigorous  selection  of  breeders  had  been  practiced  in  the 
breeding  colony  in  an  effort  to  increase  the  susceptibility  of  the  offspring  to  the  perio¬ 
dontal  syndrome.  At  the  same  time,  attempts  were  made  to  decrease  the  coefficient  of 
variability  within  the  colony  as  a  whole  and  within  litters  in  particular.  As  a  result  of 
these  practices,  it  has  been  possible  to  reduce  the  assay  period  from  140  days  in  experi¬ 
ments  1,  3,  and  6  and  155  days  in  experiment  2  to  84  days  in  experiments  4  and  5. 
These  durations  were  determined  as  the  most  appropriate  ones  for  the  various  experi- 
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mental  populations  on  the  basis  of  periodic  in  vivo  oral  examinations  to  determine  the 
progression  of  the  periodontal  syndrome. 

The  designs  of  the  first  five  experiments  were  similar.  The  first  group  of  rice  rats 
routinely  served  as  controls  to  each  other  group  and  received  the  periodontal  syndrome- 
producing  diet  700.  The  composition  of  this  diet  and  the  various  dietary  modifications 
that  were  used  in  these  experiments  are  presented  in  the  upper  half  of  Table  1.  With 
the  exception  of  diet  709,  all  replacements  were  made  on  an  isocaloric  basis,  with  the 
caloric  values  of  4,  4,  and  9  being  used  for  carbohydrate,  protein,  and  fat.  In  the  case 
of  diet  709,  a  simple  addition  of  10  per  cent  corn  oil  was  made  to  diet  705  in  substitu¬ 
tion  for  the  usual  5  per  cent  level  of  vitaminized  corn  oil.  The  lower  half  of  this  table 
contains  the  experimental  designs  of  these  five  experiments,  with  the  group  number 
placed  under  the  diet  which  the  rats  in  that  group  received  throughout  the  experimental 
period. 

The  chief  purpose  of  experiment  1  was  to  test  the  influence  of  the  replacement  of 
sucrose  by  dextrin.  This  replacement  was  tested  in  two  comparisons:  diet  705  involved 
a  complete  replacement  of  the  sucrose  in  diet  700  by  dextrin;  diet  745  involved  a  com¬ 
plete  replacement  by  dextrin  of  the  sucrose  in  diet  740,  where  almost  half  the  sucrose 
in  700  had  been  isocalorically  replaced  by  lard. 

Fifty-three  rice  rats  were  used  in  the  four  groups  of  the  first  experiment.  The  average 
rates  of  growth  and  the  average  final  body  weights  for  the  animals  in  these  four  groups 
were  excellent  and  almost  indistinguishable  from  each  other.  The  replacement  of  a 
little  less  than  half  the  sucrose  isocalorically  by  lard  had  no  significant  influence  on 
the  incidence  and  extent  of  the  periodontal  syndrome  in  either  the  soft  or  the  calcified 
tissues  of  the  periodontium.  Likewise,  the  replacement  of  dextrin  for  sucrose  in  control 
diet  700  had  no  striking  influence  on  the  periodontal  syndrome.  The  replacement  of 
dextrin  for  sucrose  in  the  diet  with  the  reduced  carbohydrate  content  led  to  a  modest 
reduction  in  the  periodontal  syndrome  in  the  soft  tissues  and  a  slightly  smaller  reduction 
in  the  syndrome  in  the  calcified  tissues.  The  latter  reductions  approached  significance 
at  the  5  per  cent  level. 

Experiment  2  was  designed  to  test  the  influence  of  replacement  of  sucrose  by  ground 
rice  in  two  comparisons:  the  one  a  complete  replacement  of  sucrose  by  rice  ground  to 
approximately  the  particle  size  of  fine  granulated  sucrose  and  the  other  the  replacement 
of  sucrose  by  ground  rice  in  diet  740,  in  which  almost  half  the  sucrose  had  been  iso¬ 
calorically  replaced  by  lard.  The  influence  of  one-third  replacement  of  sucrose  by  lard 
alone  in  diet  730  or  with  the  replacement  of  an  additional  third  of  the  sucrose  by  casein 
in  diet  731  was  also  tested. 

The  five  groups  in  the  second  experiment  contained  62  rice  rats.  The  data  for  this 
experiment  are  presented  in  Table  2.  The  diets  used  for  all  groups  resulted  in  excellent 
growth  and  well-being.  In  both  cases  where  ground  rice  was  used  in  place  of  sucrose, 
striking  reductions  were  observed  in  the  number  of  soft-tissue  areas  involved  by  the 
periodontal  score  and  in  the  scores  for  involvement  of  both  the  soft  tissues  and  the 
calcified  tissues  of  the  periodontium.  These  reductions  were  large  percentagewise  but 
were  either  just  barely  significant  at  the  5  per  cent  level  or  approached  significance  at 
this  level.  Small  reductions  were  observed  in  the  number  of  areas  involved  by  the  perio¬ 
dontal  syndrome  in  the  calcified  tissues,  but  these  reductions  did  not  approach  statis- 
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t  C.R. — Critic*!  ratio.  The  critical  ratio  is  the  ratio  of  the  difference  between  two  means  to  the  standard  error  of  the  difference  between  the  means.  Wherever  the  critical  ratio  is  less 
than  2.0,  the  difference  between  the  means  is  considered  to  be  statistically  insignificant;  when  from  2.0  to  2.9,  moderately  significant;  when  3.0  or  higher,  highly  significant. 
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tical  significance.  Replacement  of  one-third  of  the  sucrose  by  lard  had  no  influence  on 
the  development  of  the  periodontal  syndrome,  but  when  an  additional  third  was  re¬ 
placed  by  casein,  modest  reductions  occurred  in  the  periodontal  syndrome,  especially 
with  respect  to  the  calcified  tissues.  The  latter  reductions  were  just  barely  significant 
at  the  5  per  cent  level. 

Experiment  3  was  conducted  to  determine  the  influence  of  a  stepwise  replacement 
of  sucrose  isocalorically  by  lard,  beginning  with  one-third  of  the  sucrose  in  diet  730 
increasing  until  all  sucrose  was  replaced  by  lard  in  diet  780.  The  64  rice  rats  in  the 
third  experiment  were  distributed  into  five  groups.  The  data  for  this  experiment  are 
presented  in  Table  2.  All  groups  grew  well  and  were  maintained  in  good  health.  Re¬ 
placement  of  about  one-third  of  the  sucrose,  as  in  diet  730,  had  no  significant  effect  on 
the  periodontal  syndrome.  Replacement  of  a  little  over  half  the  sucrose  by  lard,  as  in 
diet  750,  caused  modest  reductions  in  the  periodontal  syndrome  that  were  just  below 
significance  at  the  5  per  cent  level.  Replacement  of  four-fifths  of  the  sucrose  by  lard, 
as  in  diet  760,  resulted  in  sizable  reductions  that  were  statistically  significant  at  the 
5  per  cent  level.  Complete  replacement  of  the  sucrose  by  lard  resulted  in  striking  re¬ 
ductions  in  the  periodontal  syndrome  that  were  statistically  significant  at  the  5  per  cent 
level  for  the  soft  tissues  and  at  the  1  per  cent  level  for  the  calcified  tissues. 

Experiment  4  was  conducted  to  determine  the  influence  of  partial  or  total  replacement 
of  sucrose  by  dextrin  and  of  a  supplement  of  10  per  cent  corn  oil  to  the  diet  in  which 
the  sucrose  had  all  been  replaced  by  dextrin.  Five  groups,  totaling  82  rice  rats,  were 
used.  The  replacement  of  one-fourth  or  half  the  sucrose  by  dextrin  had  no  influence 
on  the  development  of  the  periodontal  syndrome.  Complete  replacement  of  sucrose  by 
dextrin  either  with  or  without  added  corn  oil  led  to  modest  decreases  in  the  soft-tissue 
and  calcified-tissue  scores  which  were  just  significant  at  the  5  per  cent  level.  The  10 
per  cent  corn  oil  supplement  gave  no  added  benefit.  Growth  rates  and  final  body  weights 
were  approximately  identical  for  the  five  groups. 

Experiment  5  was  designed  to  test  the  influence  of  reducing  the  protein  level  of  the 
diet  from  24  to  1 2  per  cent  and  of  replacing  casein  by  egg  albumin  at  either  24  or  12 
per  cent.  These  manipulations  had  no  influence  on  the  periodontal  syndrome.  The 
averages  for  all  criteria  were  almost  identical  among  the  four  groups  of  47  rice  rats. 
In  view  of  the  negative  nature  of  the  data,  they  are  not  included  in  this  paper.  It  is 
noteworthy  that  the  rates  of  growth  and  the  final  body  weights  of  the  rice  rats  fed  the 
diets  containing  12  per  cent  of  casein  or  egg  albumin  did  not  differ  detectably  from 
those  of  littermates  fed  the  24  per  cent  levels  of  protein.  Growth  rates  were  not  penal¬ 
ized  appreciably  by  the  lower  levels  of  protein. 

Experiment  6  had  a  slightly  different  plan,  based  on  the  desire  to  determine  whether 
susceptibility  to  the  periodontal  syndrome  was  dependent  on  the  age  of  the  experimental 
subject  at  the  time  the  periodontal  syndrome-initiating  diet  was  begun.  Diet  770,  in 
which  all  sucrose  had  been  isocalorically  replaced  by  casein  and  lard,  has  been  shown 
in  earlier  experiments  to  prevent  practically  completely  the  initiation  of  periodontal 
lesions  in  the  soft  tissues  for  at  least  20  weeks.^  Hence  this  diet  was  used  for  preliminary 
periods  of  varying  lengths  to  permit  the  experimental  subjects  to  reach  specific  ages 
with  no  more  than  a  minor  involvement  of  their  {)eriodontal  tissues.  Five  groups  with 
a  total  of  44  rice  rats  were  used,  of  which  the  first  group  served  as  controls  and  were 
fed  the  periodontal  syndrome-producing  diet  700  immediately  after  weaning  for  140 
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days.  Groups  2  through  5  received  diet  770  for  preliminary  periods  after  weaning  of 
21,  42,  63,  and  84  days,  respectively.  At  the  end  of  these  periods  the  rice  rats  in  these 
four  groups  were  transferred  to  diet  700,  on  which  they  were  maintained  for  an  addi¬ 
tional  140  days.  Thus  the  exposure  of  the  rice  rats  in  each  of  the  five  groups  to  ration 
700  was  identical  in  length  but  varied  in  respect  to  the  initial  age  of  the  subjects.  The 
average  incidence  of  the  periodontal  syndrome  in  both  the  soft  tissues  and  the  calcified 
tissues  was  almost  identical  for  the  rice  rats  in  all  five  groups.  These  data  suggest  that 
susceptibility  to  the  periodontal  syndrome  did  not  vary  detectably  with  age  in  this 
range.  Further  studies  need  to  be  conducted  with  different  methods  of  preventing  the 
onset  of  the  periodontal  syndrome. 


DISCUSSION 

The  composite  data  from  the  first  five  experiments  indicate  the  interrelated  role  of 
the  collection  of  foodstuffs  around  the  necks  of  the  teeth  and  of  the  influence  of  the 
microbial  flora  on  these  substrates  for  the  production  of  the  periodontal  syndrome  in 
rice  rats.  Under  dietary  conditions  favorable  to  these  two  circumstances,  the  syndrome 
developed  rapidly  in  the  susceptible  subjects  but  had  little  or  no  influence  on  the  perio¬ 
dontal  tissues  of  the  more  resistant  ones.  Variability  in  susceptibility  to  this  syndrome 
continues  to  be  an  urgent  problem  in  this  type  of  investigation  and  necessitates  fairly 
large  groups  and  large  differences  between  the  means  for  the  data  to  be  statistically 
significant.  The  majority  of  the  offspring  in  the  present  generations  of  the  susceptible 
strain  are  sufficiently  susceptible  to  demonstrate  levels  of  periodontal  disease  within 
12  weeks  that  can  be  readily  scored  by  the  available  methods.  However,  the  remaining 
rice  rats  are  sufficiently  resistant  on  diet  700  or  ones  of  comparable  ability  to  produce 
the  periodontal  syndrome  that  they  will  not  only  remain  free  of  any  evidence  of  the 
syndrome  for  the  12-  or  20-week  experimental  period  but  may  remain  so  for  a  year 
or  longer.  Obviously,  strong  and  undefined  constitutional  factors  influence  whether  or 
not  the  periodontal  syndrome  will  develop  when  the  appropriate  diets  are  fed.  In  each 
generation,  rigorous  standards  are  being  followed  in  the  selection  of  offspring  in  both 
susceptible  and  resistant  strains,  in  order  to  reduce  the  variability  within  each  strain. 

The  replacement  of  half  or  less  of  the  sucrose  in  the  control  diet  by  lard  had  no 
detectable  influence  on  the  initiation  and  progression  of  the  lesions  of  the  periodontium. 
However,  isocaloric  replacement  of  more  than  half  the  sucrose  by  lard  caused  major 
reductions  in  the  periodontal  syndrome.  When  all  sucrose  was  replaced  by  lard  or  a 
combination  of  lard  and  casein,  the  reductions  produced  were  very  striking.  From  the 
standpoint  of  percentage  reduction,  the  influence  was  most  pronounced  in  the  soft 
tissues  of  the  periodontium.  Although  the  reductions  in  lesions  of  the  alveolar  bone 
were  somewhat  less  striking  percentagewise,  these  reductions  tended  to  be  somewhat 
more  consistent  in  their  extent.  The  high-fat,  carbohydrate-low,  or  carbohydrate-free 
diets  did  not  appear  to  permit  the  collection  of  the  usual  hard  adherent  masses  around 
the  necks  of  the  teeth.  Without  these  accumulations,  little  or  no  pathologic  involvement 
of  the  soft  tissues  occurred,  although  there  was  a  tendency  for  a  slow  but  steady  re¬ 
sorption  of  alveolar  bone  even  in  the  absence  of  soft-tissue  lesions. 

The  influence  of  the  diets  with  partial  or  complete  replacement  of  sucrose  by  dextrin 
was  unimpressive,  compared  with  the  effect  of  comparable  degrees  of  isocaloric  replace¬ 
ment  by  lard.  The  dextrin-containing  diets  appeared  to  promote  the  collection  of  hard 
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Customarily,  either  ascitic  fluid  (Hampp,  J.A.D.A.,  30:1066,  1943)  or  blood  serum  (Noguchi,  J. 
Exptl.  Med.,  15:81,  1912)  has  been  added  to  infusion  media  such  as  that  described  by  Hampp,  Scott, 
and  Wyckoff  (/.  Bacterial.,  56:755,  1948)  for  the  cultivation  of  spirochetes;  however,  the  nature  of 
the  growth  factor  supplied  in  these  materials  is  not  clear.  Several  substances  were  tested,  therefore, 
and,  upon  obtaining  evidence  of  activity,  efforts  were  made  to  isolate  the  active  component. 

The  test  medium  used  was  described  by  Nevin  and  Hampp  (J.  Bacterial.,  78:263,  1959)  and  is 
composed  of  Casamino  acids,  known  growth  factors,  glucose,  and  minerals.  The  addition  of  a  small 
amount  of  ascitic  fluid  to  this  medium  is  ordinarily  required  to  support  the  growth  of  the  test 
organism,  Borrelia  vincentn  (strain  N9).  This  system  is  easily  reproducible.  The  following  served  as 
replacements  for  the  ascitic  fluid  requirement  described:  heat-stable  (100°  C.,  10  min.)  acetone  in¬ 
soluble  (4  vols.),  pH  4.5  soluble  fractions  of  either  milk  whey,  veal  heart  infusion  or  canine  ascitic 
fluid,  restored  to  original  volume  with  water  and  sterilized  by  filtration  through  sintered  glass. 

About  6  X  10^  cells/ml  were  obtained  routinely  after  10  days’  incubation  at  37°  C.,  when  0.05  ml.  of 
ascitic  fluid  was  added  to  15  ml.  of  the  test  medium  containing  an  inoculum  of  1  X  10®  cells.  Growth 
appeared  evenly  dispersed  throughout  the  medium.  The  acetone  fractions  described  yielded  fairly 
smooth  growth  also,  but  the  addition  of  0.5  ml.  of  the  ascitic  fluid  fraction  or  1.0  ml.  of  either  the 
milk  whey  fraction  or  the  veal  heart  infusion  fraction  was  required  for  cell  crops  comparable  to 
those  obtained  with  whole  ascitic  fluid.  Direct  cell  counts  were  made  with  a  Petroff-Hausser  chamber. 

Two  other  substances  which  supported  spirochetal  growth  were  not  fractionated.  These  were  crys¬ 
talline  bovine  albumin  and  mouse  ascitic  fluid. 

Crystalline  bovine  albumin  (Oyama,  Steinman,  and  Eagle,  J.  Bacterial.,  65:609,  1953)  yielded 
about  4.5  X  10^  cells/ml  when  0.1  ml.  of  a  1  per  cent  solution  was  used.  Growth  tended  to  be  ag¬ 
glomerated  rather  than  smoothly  dispersed,  however. 

Mouse  ascitic  fluid,  which  was  obtained  by  a  method  similar  to  that  described  by  Lieberman, 
Douglas,  and  Humphrey  (Science,  129:775,  1959),  proved  comparable  to  the  canine  ascitic  fluid 
used  regularly.  In  the  present  work,  a  coagulase-negative  micrococcus  isolated  from  saliva  was  heat- 
killed  (60°  C.,  30  min.),  then  suspended  in  Freund’s  incomplete  adjuvant  (Difco).  Repeated  intra- 
peritoneal  injections  produced  ascites  within  18-24  days,  permitting  the  collection  of  1-3  ml.  of  fluid 
per  mouse. 

(Qualitative  studies  of  the  acetone  fractions,  including  the  biuret,  ninhydrin,  Millon,  and  lead 
acetate  tests,  indicate  that  the  active  factor  is  a  peptide  containing  tyrosine  and  a  sulfur-containing 
moiety,  probably  cystine,  as  integral  parts  of  the  chain. 
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Ninety  mice  were  randomly  allotted  to  six  experimental  groups  (IS  mice  per  group).  Prior  to  ex¬ 
perimentation  each  mouse  was  weighed,  and  thb  weight  (av.  wt.  31.5  gm.)  was  recorded.  Rodents 
of  each  group  received  2.0,  2.S,  3.0,  3.5,  4.0,  and  4.5  mg.  of  SnF*,  respectively.  The  stannous  fluoride 
was  administered  as  a  10  per  cent  solution  via  stomach  tube  under  ether  anesthesia.  A  few  animals 
were  discarded  because  of  lung  contamination  caused  by  trachea  penetration. 

For  an  average  weight  of  31.5  gm.,  an  LD-SO/24  hours  of  3.54  mg.,  was  estimated  by  probit  anal¬ 
ysis,  with  a  standard  deviation  of  0.42 ;  95  per  cent  confidence  limits  were  therefore  2.70-4.38  mg. 
Since  the  LD-50  is  presumably  dependent  on  the  weight  of  the  animals,  the  weight  was  considered 
as  a  covariate  in  a  second  probit  analysis.  From  this  analysis,  an  LD-50/24  hours  of  3.3  mg.  was 
calculated,  with  a  standard  deviation  of  0.2  mg.  This  established  95  per  cent  confidence  limits  of 
2. 9-3. 7  mg. 

The  two  estimates  of  LD-50/24  hours  are  not  very  different;  however,  the  standard  deviation  of 
the  estimate,  when  ignoring  weight  differences,  is  twice  as  large  as  the  standard  deviation  using 
weight  as  a  covariate. 

There  w'ere  no  changes  observed  in  the  autopsy  and  histologic  examinations  which  could  be  con¬ 
sidered  pathognomonic.  The  only  consistent  change  which  appeared  correlated  with  dosage  was  the 
generalized  passive  hyperemia,  apparent  both  grossly  and  microscopically.  A  limited  incidence  of 
focal-intra-alveolar  hemorrhage  was  noted,  but  this  could  not  be  correlated  with  dosage.  This  con¬ 
dition  occurred  to  a  small  extent  in  the  control  animals. 

Histologic  sections  from  one  animal  receiving  4.0  mg.  demonstrated  ulceration  of  the  gastrointestinal 
tract.  The  liver  of  the  same  animal  demonstrated  periportal  inflammation  and  small  granulomas. 
These  were  isolated  findings  not  occurring  in  any  other  animal. 

The  kidneys  showed  marked  hyperemia  but  no  tubular  changes  such  as  have  been  described  in 
chronic  poisoning  with  sodium  fluoride.  This  is  not  surprising,  since  it  has  been  reported  that  no 
histologic  changes  occur  until  after  28  days  on  a  diet  of  0.05  per  cent  sodium  fluoride  (J.  J.  Pend- 
borg,  Acta  pharmacol.  et  toxicol.,  13:36, 1957). 

The  spleens  of  all  the  animals  contained  megakaryocytes.  The  brains  and  hearts  showed  no  micro¬ 
scopic  abnormality. 

It  is  interesting  to  note  that  there  were  no  dramatic  clinical  manifestations  with  either  the  sur¬ 
viving  or  the  expired  animals.  None  of  them  went  into  complete  collapse  or  coma.  The  cause  of 
death  in  these  animals  was  not  apparent  from  the  anatomic  examination  performed. 

It  should  be  emphasized  that  these  mouse  data  cannot  be  extrapolated  to  apply  to  human  toxicity 
because  of  species  differences. 

The  authors  are  grateful  for  the  statistical  support  of  Richard  C.  McNee,  Biometrics  Branch, 
School  of  .\viation  Medicine,  USAF. 


Received  for  publication  October  1, 1960. 


623 


Cytology  and  Morphogenesis  of 
Entamoeba  Gingivalis 


WAYNE  W.  WANTLAND,  EDNA  M.  WANTLAND,  and  JOHN  W.  REMO 
Illinois  Wesleyan  University,  Bloomington,  Illinois 


Microscopic  study  of  stages  in  the  life-cycle  of  Entamoeba  gingivalis  from  original  samples  and  cul¬ 
tures  and  the  employment  of  cytochemical  methods  have  shed  further  light  on  the  origin,  develop¬ 
ment,  form,  and  composition  of  such  organelle  structures  as  nuclei,  karyosome,  chromosomes,  glycogen, 
and  chromatoid  bodies. 

Stages  found  in  mouth  biomes  and  cultures  with  low  floral  populations  were  preponderantly  im¬ 
mature  cysts  (2-4  nuclei)  and  mature  cysts  (8  nuclei).  In  iron-hematoxylin  preparations  (E.  C. 
Faust  and  P.  F.  Russell,  Clinical  Parasitology  [6th  ed.;  Philadelphia;  Lea  &  Febiger,  19S7],  p.  947) 
mitotic  figures  in  binary  fission  of  trophozoites  and  multiple  endogenous  fission  in  cysts  were  similar, 
and  in  late  metaphase  and  early  anaphase  6  chromosomes  were  indicated,  supporting  Child’s  claim 
{Vniv.  Calif.  Publ.  Zool.,  28:251,  1926)  and  refuting  that  of  Stabler  of  5  chromosomes  (7.  Morphol., 
66:357,  1940)  in  this  protozoan.  Following  excystation,  division  of  octonucleated  amoebas  gives 
rise  to  16  amoebulae.  Nuclear  reconstruction  shows  (1)  the  establishment  of  a  thin  nuclear  membrane 
with  a  heavy,  irregular  layer  of  chromatin  adhering  to  its  inner  surface;  (2)  a  contraction  of 
nucleoplasm,  resulting  in  the  formation  of  a  multiform  (3-4  parts),  centrally  located  karj’osome 
surrounded  by  a  sparsely  granular  band  extending  about  halfway  to  the  nuclear  membrane;  and. 
(3)  the  formation  of  5  faint  radiating  lines  resembling  cartwheel  spokes  extending  from  the  karyosome 
through  both  the  granular  band  and  a  surrounding  halo  of  clear  nucleoplasm  to  the  peripheral 
chromatin. 

Study  of  nuclear  structure  in  this  amoeba  supports  the  views  of  Kirby  (/.  Parasitol.,  31:177, 
1945),  Kudo  (Protozoology  [Springfield,  Ill.;  Charles  C  Thomas,  1946],  p.  351),  and  Chandler 
(Introduction  to  Parasitology  [New  York;  John  Wiley  &  Sons,  1955]  p.  84)  that  the  generic  name 
Entamoeba  instead  of  Endamoeba  should  be  used  for  this  protozoan  on  the  basis  of  nuclear  charac¬ 
teristics  described  in  the  type  genus  Entamoeba  hominis  tsd.  coli  by  Casagrandi  and  Barbagalo 
(Bol.  Accad.  Gioenia  sci.  nat.  Catania,  N.S.,  fasc.  41,  p.  7,  1895).  The  nuclear  structure  of  E.  gingivalis 
at  no  time  during  morphogenesis  resembles  that  of  amoebas  typified  by  the  cockroach  colon  parasite 
Endamoeba  blattae  (Biitschli),  in  which  the  comparatively  large  nucleus  possesses  a  relatively  thick 
membrane  surrounding,  from  periphery  to  center,  first,  a  fine  chromatin  network;  second,  from  15 
to  20  spherical  endosomes  (karyosomes)  arranged  in  a  circle;  and,  lastly,  a  central  coarse,  reticulated 
area. 

No  contractile  vacuoles  have  thus  far  been  observed  in  the  cytosome  of  either  living  or  stained 
mouth  amoebas.  The  cytoplasm  presents  a  varied  picture;  at  one  time  appearing  granular  and  at 
another  alveolar.  In  living  trophozoites  the  cytoplasm  usually  appears  granular,  and,  upon  the  forma¬ 
tion  of  pseudopodia  (mostly  lobopodia  with  occasional  filopodia),  a  clear  hyaline  area  first  appears 
in  the  region  where  the  pseudopodium  is  to  form,  followed  by  a  rapid  streaming  of  granules  in  the 
direction  of  this  temporary  structure  as  it  is  rather  explosively  formed.  In  both  trophozoites  and 
cysts  stained  with  iron-hematoxylin  the  cytoplasm  ap]}ears  predominantly  granular,  with  a  few 
darkly  stained  metachromatic  bars  and  granules.  Mitochondria,  located  as  a  rule  near  nuclei,  are 
occasionally  discernible  in  specimens  stained  with  Janus  green  B  or  Janus  red. 

Young  cystic  stages  stained  with  iron-hematoxylin  showed  a  blunt,  sausage-shaped  cytosomal 
chromatoid  body.  Lugols  (Grams  iodine)  solution  (R.  D.  Lillie,  Histopathologic  Technic  and  Prac¬ 
tical  Histochemistry  [New  York;  McGraw-Hill,  1957],  p.  92),  Donaldson’s  iodine-eosin  reaction 
(Lancet,  1:571,  1917),  and  periodic  acid— Schiff  reaction  (H.  A.  Davenport,  Histological  and  Histo- 
chemical  Technics  [Philadelphia;  W.  B.  Saunders,  1960],  p.  373)  revealed  from  1  to  2  large,  irregularly 
shaped  polysaccharide  (glycogen)  masses  in  immature  cysts.  That  both  chromatoid  and  glycogen 
bodies  tended  to  disappear  as  cysts  matured  suggests  a  nutritive  function. 

Schiff’s  leucofuchsin,  “cold  Schiff”  reagent  (Lillie,  op.  cit.,  p.  156),  used  in  the  nucleal  reaction  of 
Feulgen  and  Rossenbeck  (Z.  physiol.  Chem.  [Hoppe-Seyler],  135:203,  1924),  revealed  absence  of 
DNA  in  the  cytoplasm  of  E.  gingivalis  trophozoites  and  cysts  but  a  relatively  high  concentration  of 
this  nucleic  acid  in  the  karyosome,  peripheral  nuclear  chromatin,  and  the  cartwheel  spokes  of  nuclei. 


This  study  was  supported  by  U.S.P.H.S.  research  grant  D-357  from  the  National  Institute  of 
Dental  Research,  National  Institutes  of  Health. 

Received  for  publication  November  30, 1960. 
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The  Nasal  Septum:  An  Endochondral  Growth  Center 


LOUIS  J.  BAVME 

Institute  of  Dental  Medicine,  University  of  Geneva,  Switzerland 


In  an  attempt  to  establish  the  centers  of  endochondral  activity,  operative  in  cephalofacial  develop¬ 
ment,  the  heads  of  12  human  embryos  ranging  from  25  to  175  mm.  were  prepared  for  histologic 
analysis.  In  view  of  the  impossibility  of  obtaining  immediately  fixed  children’s  material,  6  heads  of 
female  Macaca  mulatta  ranging  from  24  to  42  months  of  age,  corresponding  to  approximately  7-14 
human  years,  were  used  for  the  same  purpose. 

With  the  one  exception  of  the  condylar  cartilage,  all  centers  of  endochondral  ossification  were 
found  to  originate  within  the  viscero-  and  neurocranial  cartilage  primordium.  Mid-sagittal  sections 
of  a  17-week-old  human  fetus  (150  mm.)  revealed  a  coherent  cartilaginous  skeleton  comprising  the 
entire  skull  basis,  including  the  nasal  septum.  Two  centers  of  ossification  were  forming  at  the 
basisphenoidal  portion  and  occipital  portion,  each  giving  rise  to  a  so-called  basicranial  synchondrosis. 
At  a  later  stage  (18  weeks)  the  ethmoidal  center  and  presphenoidal  center  originate. 

In  all  monkeys  studied,  the  primordial  cartilage  persisted  only  in  the  following  three  places:  (1) 
the  spheno-occipital  synchondrosis,  (2)  the  prespheno-basisphenoidal  synchondrosis,  and  (3)  the 
nasal  septum. 

At  higher  magnification  it  could  be  seen  that  in  these  three  centers  endochondral  ossification  was 
proceeding.  Endochondral  ossification  activity  of  the  septal  cartilage  at  this  postnatal  period  has,  to 
our  knowledge,  never  been  described.  In  the  ethmoideoseptal  synchondrosis,  ossification  contributes  to 
the  growth  of  the  perpendicular  plate  of  the  ethmoid  bone,  whose  body  is  also  a  derivative  of  the 
original  unit  of  the  basicranial  cartilage  primordium. 

At  the  vomero-septal  junction,  which  constitutes  a  syndesmosis  between  the  cartilage  septum 
and  the  membrane  bone  vomer,  a  picture  unique  in  bone  histology  is  seen.  New  cartilage  b  formed 
in  the  perichondrium  without  its  being  ossified  enchondrally ;  the  vomeral  periosteum  seems  to  be 
at  rest. 

Correlated  processes  of  resorption  at  the  nasal  surfaces  of  the  maxillary  and  palatine  bones,  as 
well  as  apposition  at  their  palatal  surfaces,  evidence  a  growth  movement  exerted  by  the  nasoseptal 
center  in  a  vertical  direction.  Incremental  lines  at  the  cerebral  surface  of  the  ethmoid  bone  in^cate 
corresponding  upward  movement  of  thb  bone.  Thus  neither  De  Coster’s  ethmoidal  base  line  nor 
Korkhaus’  palatal  line  used  as  reference  in  roentgenocephalometry  can  be  considerated  stable,  al¬ 
though  their  peripheral  outlines,  as  determined  by  the  neighboring  organs,  may  remain  unchanged. 

Hbtologic  evidence  b  gained  that  the  nasal  septum  constitutes  a  center  of  endochondral  ossifica¬ 
tion,  which  conducts  the  vertical  development  of  the  middle  and  upper  face;  it  remains  active  into 
a  late  postnatal  period.  Recognition  of  this  growth  activity  should  be  helpful  in  the  better  under¬ 
standing  of  the  mechanism  of  facial  development  and  management  of  certain  cleft  palate  cases. 


This  study  b  supported  by  a  research  grant  of  the  Swiss  Odontostomatological  Society. 
Received  for  publication  January  25,  1961, 
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INTERNATIONAL  ASSOCIATION  FOR 
DENTAL  RESEARCH 


Organized:  New  York  City,  December 
10,  1920.  Of  those  at  the  meeting  of  Organ¬ 
ization,  the  following  remain  active  mem¬ 
bers:  Adolph  Berger,  Theodor  Blum,  A.  H. 
Merritt,  B.  B.  Palmer,  L.  M.  Waugh. 

Objects  {Const.,  Art,  II):  The  associa¬ 
tion  has  been  established  to  promote  broad¬ 
ly  the  advancement  of  research  in  all 
branches  of  dental  science  and  in  the  re¬ 
lated  phases  of  the  sciences  that  contribute 
directly  to  the  development  of  oral  health 
service,  and  as  a  whole;  and,  further,  to  en¬ 
courage  and  facilitate  co-operative  effort 
and  achievement  by,  and  mutual  helpful¬ 
ness  among,  investigators  in  all  nations  in 
every  division  of  stomatology  to  the  end 
that  dentistry  may  render  cumulatively 
more  perfect  service  to  humanity. 

Membership:  Total  (March,  1961), 
1,097. 


Eligibility. — Any  person  who  conforms 
to  the  recognized  standards  of  professional 
ethics  and  whose  interest  in  dental  science 
and  dental  research  is  shown  by  (a)  re¬ 
search  in  process  or  conducted  in  the  past, 
(6)  scientific  papers  based  upon  original 
research  presented  before  national  or  inter¬ 
national  meetings,  or  (c)  scientific  papers 
based  upon  original  research  and  published 
in  scientific  journals  is  eligible  for  nomina¬ 
tion  to  membership  of  the  I.A.D.R. 

Election. — New  members  are  elected 
only  on  nomination  by  members  and  only 
by  vote  at  the  general  meetings  of  the 
Association.  Membership  in  a  section  or 
group  does  not  confer  membership  in  the 
Association.  Nomination  blanks  for  mem¬ 
bership  in  this  association  may  be  obtained 
from  the  Secretary-Treasurer. 

Endowment  fund  of  the  I.A.D.R.  (as  of 
October,  1959):  $2,313.00. 
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